Digital simulation of a production line. by Merino, Jorge F.
University of Windsor 
Scholarship at UWindsor 
Electronic Theses and Dissertations Theses, Dissertations, and Major Papers 
1-1-1970 
Digital simulation of a production line. 
Jorge F. Merino 
University of Windsor 
Follow this and additional works at: https://scholar.uwindsor.ca/etd 
Recommended Citation 
Merino, Jorge F., "Digital simulation of a production line." (1970). Electronic Theses and Dissertations. 
6622. 
https://scholar.uwindsor.ca/etd/6622 
This online database contains the full-text of PhD dissertations and Masters’ theses of University of Windsor 
students from 1954 forward. These documents are made available for personal study and research purposes only, 
in accordance with the Canadian Copyright Act and the Creative Commons license—CC BY-NC-ND (Attribution, 
Non-Commercial, No Derivative Works). Under this license, works must always be attributed to the copyright holder 
(original author), cannot be used for any commercial purposes, and may not be altered. Any other use would 
require the permission of the copyright holder. Students may inquire about withdrawing their dissertation and/or 
thesis from this database. For additional inquiries, please contact the repository administrator via email 
(scholarship@uwindsor.ca) or by telephone at 519-253-3000ext. 3208. 
INFORMATION TO U SERS
This manuscript has been reproduced from the microfilm master. UMI films 
the text directly from the original or copy submitted. Thus, some thesis and 
dissertation copies are in typewriter face, while others may be from any type of 
computer printer.
The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality illustrations 
and photographs, print bleedthrough, substandard margins, and improper 
alignment can adversely affect reproduction.
In the unlikely event that the author did not send UMI a complete manuscript 
and there are missing pages, these will be noted. Also, if unauthorized 
copyright material had to be removed, a note will indicate the deletion.
Oversize materials (e.g., maps, drawings, charts) are reproduced by 
sectioning the original, beginning at the upper left-hand comer and continuing 
from left to right in equal sections with small overlaps.
ProQuest Information and Learning 
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA 
800-521-0600
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
DIGITAL SIMULATION OF A PRODUCTION LINE
BY
JORGE F. MERINO
A THESIS
Subm itted to  th e  F a c u lty  o f  Graduate S tu d ie s  through  
th e  Department o f  M echanical E n g in eer in g  
in  P a r t i a l  F u l f i l l m e n t  o f  the  
Requirements f o r  the  
Degree o f
MASTER OF APPLIED SCIENCE 
a t  th e  
UNIVERSITY OF WINDSOR
Windsor,. O ntario  
1970
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
UMI Number: EC52817
     ®UMI
UMI Microform EC52817 
Copyright 2007 by ProQuest Information and Learning Company. 
All rights reserved. This microform edition is protected against 
unauthorized copying under Title 17, United States Code.
ProQuest Information and Learning Company 
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
APPROVED BY:
- p  L / l '  /Hr
Q  O  -5i Q  ^  53 o u i u o O
( I n v i t e d  E x te rn a l  R x a s in er )
i\  . y - f -= -  3 > c _ _
X Cliairm an)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
I  wish, t o  d e d ic a te  t h i s  
work t o  my p a r e n t s ,  who, 
w ith  t h e i r  moral and f i ­
n a n c ia l  su p p o rt ,  made my 
undergraduate  and gradu­
a t e  s t u d i e s  p o s s i b l e .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ABSTRACT
A computer model and program are  developed  
f o r  th e  s im u la t io n  o f  a p ro d u ction  l i n e  i n  a  
w h eel-m an u factu r in g  concern  u s in g  th e  General 
Purpose S im u la tio n  System (SPSS) on th e  360 /50  
IBM computer.
The model i s  t e s t e d  and c o r r e la t e d  w ith  the  
a c t u a l  system  "before ch an ges , r e p r e s e n t in g  
improvements i n  th e  m echan ica l d e s ig n  o f  the  
m achines i n  th e  l i n e ,  are in trod u ced  i n  th e  
m odel. The s im u la t io n  r e s u l t s  are analyzed  
and l a t e r  e v a lu a ted  and compared on the  b a s i s  
o f  t h e i r  p r o f i t a b i l i t y .  Recommendations are  
form ulated  w ith  reg a r d s  to  th e  b e s t  in vestm en t  
p r o s p e c t s .
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CHAPITER I
INTRODUCTION
The autom ation  o f  m anufacturing p r o c e s s e s  has r e s u l t e d  
i n  th e  i n s t a l l a t i o n  o f  l a r g e  autom atic  f a c i l i t i e s  or t r a n s ­
f e r  l i n e s ;  l i n e s  i n  which many machines are  coupled to g e th e  
so th a t  p a r t s  can he a u to m a t ic a l ly  t r a n s fe r r e d  from one 
machine to  a n o th e r .  T h is  typ e  o f  system  sa v e s  tim e and c o s t  
i n  t r a n s p o r t in g  the  p a r t s  between s u c c e s s iv e  machines and 
red u ces  th e  manpower req u irem en ts  per u n i t  o f  o u tp u t .
The most s e r io u s  drawback o f  such a system  i s  t h a t  when 
one machine breaks down, th e  e n t i r e  p rod u ctio n  system  must 
s t o p .  C on seq u en tly , th e  u t i l i z a t i o n  o f  th e  f a c i l i t i e s  i s  
reduced c o n s id e r a b ly .
One o f  th e  l o c a l  companies h a s  such a p rod u ction  system  
i n  o p e r a t io n .  The management o f  t h i s  company was i n t e r e s t e d  
i n  im proving th e  p r o d u c t iv i t y  o f  t h i s  system  and f e l t  th a t  
m in im iz in g  th e  ’’t r a n s f e r  tim es" ( t im e  needed by a p a r t  to  
be tra n sp o r te d  from one machine t o  th e  ne^t one) was th e  
d e s ir e d  way o f  h a n d lin g  t h i s  problem . I t  was su g g es ted  to  
th e  management t h a t ,  i n  a d d i t io n  to  th e  m in im iza tio n  o f  
t r a n s f e r  t im e s  i t  would be a s t e p  i n  th e  r ig h t  d i r e c t i o n  
i f  th e  f o l lo w in g  i n v e s t i g a t i o n s  were c a r r ie d  ou t:
1 /  U t i l i z a t i o n  o f  each s t a t i o n  ( t h i s  depends upon th e  
breakdowns o f  th e  machines and t h e i r  p o s i t i o n  i n  th e  
s y s t e m .)
2 /  Output o f  th e  p r o d u ct io n  system  ta k in g  in t o  account  
th e  downtime o f  each s t a t i o n .
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3 /  S egrega te  th e  "bottlenecks i n  th e  system  and stu d y  
th e  d e s i r a b i l i t y  o f  r e p la c in g  or m odify ing  t h e s e  s t a t i o n s  
The management o f  th e  company agreed to  th e  s u g g e s t io n s  
and th e  p r e sen t  stu d y  i s  a r e s u l t  o f  th e s e  i n v e s t i g a t i o n s .
For th e  purpose o f  a n a ly z in g  the  problems under c o n s id ­
e r a t io n ,  d i g i t a l  s im u la t io n  o f  th e  p rod u ctio n  system  was 
f e l t  to  be an adequate method, s in c e  a n a ly z in g  th e  problems 
m a th em a tica lly  i s  too  t im e-consum ing and entrem ely  d i f f i c u l t  
Furthermore, th e  assum ptions r eg a r d in g  the  randomness and 
independence o f  d a ta ,  which are r e q u ir e d  to  be made fo r  
f in d in g  a m athem atical s o l u t i o n ,  are open to  q u e s t io n .
The c r i t e r i a  used  i n  s e l e c t i n g  a s p e c i f i c  language  was 
based on the  a v a i l a b i l i t y  o f  equipm ent, a b l i l i t y  to  commu­
n i c a t e  th e  problem to  th e  machine w ith o u t  doing so i n  ma­
ch in e  la n gu age , and the e a s e  o f  u n d erstan d in g  such la n g u a g e .  
The General Purpose S im u la t io n  System (GPSS) b e s t  f u l f i l l e d  
th e s e  req u irem en ts  and was chosen  f o r  th e  s tu d y .
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31.1 PRESENTATION PLAN.
The proposed s tu d y  i s  to  be p r e se n te d  under th e  f o l l o w in g  
t o p i c s ;
E i r s t ,  th e  h i s t o r y  and r a t i o n a le  o f  computer s im u la t io n  
a s  w e l l  as  a  b r i e f  d e s c r ip t io n  o f  th e  most im portant simu­
l a t i o n  la n g u a g e s  are  t o  be .p resen ted  i n  Chapter I I .  N e x t ,  
th e  p r e se n t  p r o d u ct io n  system  i s  t o  be d e sc r ib e d  i n  Chapter
I I I .  This in c lu d e s  s e c t i o n s  on Time Standards and P ro d u c t io n  
and Downtime Records k ep t  by th e  company. In  Chapter IV, 
the  model developm ent fo r  s e v e r a l  s t a t i o n s  o f  the  p r o d u c t io n  
system  i s  d e sc r ib e d  a lo n g  w ith  th e  model o f  th e  e n t i r e  
sy s tem . I t  a l s o  in c lu d e s  th e  computer program and sam ples  
o f  th e  r e q u e s te d  output f o r  th e  sy s tem . The s im u la t io n  o f  
the  p r e se n t  system  i s  c a r r ie d  out and d i s c u s s e d  i n  Chapter  
V, and th e  r e s u l t s  are c o r r e la t e d  w ith  th e  a c tu a l  sy s tem .
In  Chapter VI, s e v e r a l  proposed m ech an ica l  d e s ig n  changes  
a lon g  w ith  t h e i r  c o s t  and ex p ected  system  output improvement 
are d e s c r ib e d .  R e s u l t s  o f  th e  s im u la t io n  run f o r  each  o f  
the  su g g e s te d  changes are a l s o  p r e s e n t e d .  Chapter VII 
in c lu d e s  a machine rep lacem ent s tu d y .  The a p p l i c a b i l i t y  
o f  th e  model a s  d evelop ed  fo r  o th e r  s im i la r  p r o d u ct io n  
system s i s  d is c u s s e d  i n  Chapter V I I I .  The c o n c lu s io n s  and 
su g g es ted  a r e a s  f o r  co n d u ctin g  fu r t h e r  i n v e s t i g a t i o n s  are  
l i s t e d  in  Chapter IX.
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CHAPTER I I
COMPUTER.. SIMULATION
2 .1  DEFINITION AND HISTORY.
A computer s im u la t io n  model i s  a lo g ic a l -m a th e m a t ic a l  
r e p r e s e n t a t io n  o f  a c o n c e p t ,  sy s tem , or o p e r a t io n  programmed 
f o r  s o lu t io n  on a h ig h -sp e ed  e l e c t r o n i c  computer.
In  th e  e a r ly  developm ent o f  e l e c t r o n i c  d i g i t a l  computers  
i t  became a.pparent t h a t  m athem atica l and an a log  models 
c o u ld  be programmed f o r  s o l u t i o n  on h ig h -sp e e d  com puters.
At f i r s t  th e  a p p l i c a t io n s  were r e s t r i c t e d  to  sm a ll ,  sim ple  
m odels becau se  o f  the  l i m i t a t i o n s  o f  e a r ly  computer te c h ­
n o lo g y ,  but a s  computers in c r e a s e d  i n  f l e x i b i l i t y  o f  opera­
t i o n ,  sp eed , and memory c a p a c i t y  i t  became f e a s i b l e  t o  ap p ly  
them more f r e q u e n t ly  to  m odels o f  l a r g e r  sc o p e .
A p p l ic a t io n s  o f  computer s im u la t io n  i n  the  two decades  
a f t e r  World War I I  were h e a v i l y  o r ie n te d  toward m i l i t a r y  
problem s such as war gaming, m i l i t a r y  system s a n a l y s i s ,  and 
m i l i t a r y  o p e r a t io n s  r e s e a r c h .  As a r e s u l t ,  s e v e r a l  l a r g e -  
s c a l e  war games have been com p uterised  to  s tu d y  and exper­
im ent w ith  m i l i t a r y  t a c t i c s  and s t r a t e g y .  However, an 
in c r e a s in g  number o f  a p p l i c a t io n s  are b e in g  made nowadays 
i n  com m ercial, s c i e n t i f i c ,  and o th e r  n o n m il i ta r y  problems 
a s  w e l l .  The g r e a t e s t  impact- o f  computer' s im u la t io n  lias  
been  i n  the  p h y s ic a l  s c i e n c e s ,  m athem atics , e n g in e e r in g ,
1 M artin , F ra n c is  E. Computer M odeling and 'S im u la t io n , 
John W iley & Sons, I n c . ,  New York, N.Y. 1968 . pg 5.
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5o p e r a t io n s  r e s e a r c h ,  o p e r a t io n s  a n a l y s i s ,  system s a n a l y s i s ,  
p r o b a b i l i t y  and s t a t i s t i c s ,  m i l i t a r y  s c i e n c e s ,  and b u s in e s s  
a d m in is tr a t io n .  Computer m odeling can be a p p lied  to  v i r t u a l l y  
ev ery  d i s c i p l i n e  i n  which phenomena can be q u a n t i f ie d  and 
r e p r e se n te d  by m athem atical m od els . This means t h a t  d i s c i ­
p l i n e s  such as m ed ic in e , la w , l i b r a r y  s c i e n c e s ,  s o c i a l  
s c i e n c e s ,  and l i f e  s c i e n c e s  can f in d  some a p p l ic a t io n  o f  
th e  tech n iq u e  f o r  problem s o l u t i o n .
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2 .2 ,  COMPUTER SIMULATION IN INDUSTRY.
The fu n c t io n  o f  management has a lw ays been to  c o n t r o l  th e  
o p e r a t io n s  o f  th e  b u s in e s s  i n  i t s  v a r io u s  a r e a s  and to  p lan  
f u tu r e  o p e r a t io n s .  C on tro l f u n c t io n s  carry  ou t th e  o p e r a t in g  
p o l i c i e s  o f  a f irm  and are  m ain ly  concerned w ith  t h e  d a i l y  
d e c i s io n s  n e c e s s a r y  to  m a in ta in  o p e r a t io n  on a c o n t in u in g  
b a s i s .  Such d e c i s io n s  cou ld  be how to  handle  s p e c i a l  j o b s ,  
whether overtim e  w i l l  s o l v e  a temporary b o t t l e n e c k ,  e t c . ,  and 
a re  u s u a l ly  based  on e x p e r ie n c e  and carry  l i t t l e  r i s k  f o r  th e  
f ir m .
P la n n in g  f u n c t i o n s ,  how ever, a r e  concerned w ith  major changes  
in te n d e d  t o  improve th e  e f f i c i e n c y  o f  c u rren t  methods or opera­
t i o n s ,  or o th e r  changes caused  by expansion  or by e v er  changing  
b u s in e s s  c o n d i t i o n s .  As su c h , l i t t l e ,  i f  a n y , e x p e r ie n c e  i s  
a v a i la b l e  to  a id  in  making th e  c o r r e c t  d e c i s i o n s .  Q u est ion s  
such a s ; What would be th e  e f f e c t  o f  r e p la c in g  one or more 
m achines in  th e  l i n e ?  Of in c r e a s in g  th e  m aintenance fo r c e ?
Of autom ating one or more manual o p e r a t io n s ? , a re  d i f f i c u l t  to  
answer w ith o u t  a c t u a l ly /a d o p t in g  a p la n ,  im plem enting  I t ,  and 
e v a lu a t in g  i t  in  o p e r a t io n .  Then adju stm en ts  can be made and 
th e  new p la n  t e s t e d  and e v a lu a te d  as o f t e n  a s  needed  to  a c h ie v e  
th e  d e s ir e d  r e s u l t .  T h is ,  o f  c o u r s e ,  can be very  d i f f i c u l t  and 
e x p e n s iv e ,  a s id e  from b e in g  t im e-consum ing .
These sh o rtco m in g s ,  how ever, can be m inim ized by d e v e lo p in g ,  
a r e p r e s e n t a t io n ,  or model, o f  th e  p r e sen t  system j th e n ,  by 
t e s t i n g  th e  proposed changes on t h i s  m odel, though in fo r m a tio n  
can be o b ta in ed  to  e v a lu a te  th e  e f f i c i e n c y  and v a lu e  o f  such
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7ch a n g es . T h is  can be done w ith  th e  u se  o f  a. computer. Once 
th e  c h o ic e  i s  made from among th e  v a r io u s  a l t e r n a t i v e s ,  i t  
can be implemented i n  th e  a c t u a l  s i t u a t i o n  w ith  c o n s id e r a b le  
sa v in g s  in  t im e ,  e f f o r t ,  and money.
However, n o t  u n t i l  r e c e n t l y  w a s 'th e  u se  o f  th e  many ty p es  
o f  s im u la t io n  econ om ica l or p r a c t i c a l ,  thanks to  two im portant  
f a c t o r s :  e x p e r ie n c e  and e a s i e r  methods o f  model making. 
Nowadays, new methods by which th e  model may be d e sc r ib e d  
(g e n e r a l  purpose  la n g u a g es)  a l lo w  th e  u ser  to  d e s c r ib e  th e  
.model in  term s t h a t  both th e  computer and o th e r  p eo p le  can 
e a s i l y  u n d ersta n d .
S im u la t io n  i s  used  by a w ide v a r i e t y  o f  i n d u s t r i e s  to  a s s i s t  
management in  d e c i s io n  making. I t s  a p p l i c a t io n s  range from 
h e lp in g  determ ine  th e  number o f  c a s h ie r s  in  a Supermarket to  
a s s i s t i n g  in  la y in g  out a c o m p le te ly  automated assem bly  l i n e  
in  a la r g e  au tom otive  p la n t .
The s im u la t io n  model i s  a r e p r e s e n t a t io n  o f  an a c tu a l  
sy stem . Once th e  system  has been d e s c r ib e d ,  th e  model i s  
i n s t a l l e d  in  th e  computer and i t  i s  t e s t e d  fo r  accuracy  in  
r e p r e s e n t in g  th e  s i t u a t i o n .  The accuracy  o f  th e  model w i l l  
determ ine th e  accuracy o f  th e  r e s u l t s  b e in g  e v a lu a te d ,  so  th e  
more a c c u r a te  th e  m odel, th e  more a c c u r a te  th e  r e s u l t s  to  be 
e v a lu a te d .  T h is  makes m o d e l l in g  an a l l - im p o r t a n t  p a r t  o f  
s im u la t io n ,  and c o n s id e r a b le  c a r e  must be e x e r c i s e d  in  con~ 
s t r u c t in g  th e  m odel.
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82 , 3 .  RATIONALE FOR COMP.UTEH SIMULATION.
Some o f  th e  reason s why computer s im u la t io n  i s  used today  
and which r e l a t e  d i r e c t l y  to  t h i s  paper are:
1) I t  i s  very  c o s t l y  to  study c e r ta in  p r o c e s s e s  in  the  r e a l  
w orld .
2) The observed system  may be too  complex to  d e s c r ib e  in  terms 
o f  a s e t  o f  m athem atical e q u a t io n s  which would y i e l d  a n a l y t i c  
s o l u t i o n s ' t o  be used fo r  p r e d i c t i v e  p u rp o ses .
3) Using s im u la t io n ,  i t  i s  p o s s i b l e  to  study th e  e f f e c t s  o f  
. c e r t a in  in fo r m a t io n a l ,  o r g a n iz a t io n a l ,  and environm ental
changes on the  sy s tem ’ s o p e r a t io n  through a l t e r a t i o n s  in  th e  
model o f  th e  system .
*0 S im u la t io n  can be used to  experim ent w ith  new s i t u a t i o n s  
about which we have l i t t l e  or no in fo r m a tio n .
5) S im u la tio n  en a b les  us to  stu dy  dynamic system s in  compressed  
t im e (or  equal or expanded tim e f o r  th a t  m a t te r .)
6 ) When changes are  in tro d u ced  In to  a sy stem , s im u la t io n  w i l l  
h e lp  f o r e s e e  b o t t le n e c k s  and o th e r  problems th a t  may a r i s e  
In th e  o p e r a tio n  o f  th e  sys tem ,
7) S im u la tio n  o f  complex system s can g iv e  v a lu a b le  in fo rm a tio n  
about which v a r ia b le s  are  more im portant th a t  o th ers  in  th e  
system  and how they i n t e r a c t .
Some o f  th e  above-m entioned p o in ts  have a lre a d y  bean e i t h e r  
mentioned or d is c u s s e d  in  p r e v io u s  s e c t i o n s  or w i l l  be in  
fu tu r e  o n e s ,  and do n o t ,  in  any way, exhaust th e  long l i s t  o f  
advantages and b e n e f i t s  o f  computer s im u la t io n .
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92 . 4 .  SIMULATION LANGUAGES.
R ecent y e a r s  have w itnessed , th e  developm ent o f  a number 
o f  s im u la t io n  la n g u a g es  aimed a t  s im p l i f y in g  th e  ta s k  o f  
v /r i t in g  s im u la t io n  programs f o r  a v a r i e t y  o f  d i f f e r e n t  ty p e s  
o f  m odels and sy s tem s . Some o f  th e s e  la n g u a g es  in c lu d e :
GPSS, SUBSCRIPT, GASP, ahd SIMPAC, and v a i l  be d i s c u s s e d  
b r i e f l y  i n  t h i s  s e c t i o n .
1 .-jGPSS. -
In  GPSS, th e  s t r u c t u r e  o f  the  system  b e in g  s im u la te d  
i s  d e sc r ib e d  i n  th e  form o f  a b lock  die.gram drawn w ith  a  
f i x e d  s e t  o f  p r e d e f in e d  b lo c k  t y p e s .  Each b lock  ty p e  r e p ­
r e s e n t s  a s p e c i f i c  a c t io n  +-hat i s  c h a r a c t e r i s t i c  o f  some 
b a s ic  o p e r a t io n  t h a t  can occu r  i n  a system . C on n ectio n s  
betw een th e  b lo c k s  o f  th e  diagram i n d i c a t e  th e  sequence  
o f  a c t i o n s  t h a t  occur  i n  th e  sy stem . Where th e r e  i s  a 
c h o ic e  o f  a c t i o n s ,  more than  one c o n n e c t io n  i s  made from  
a b lo c k  to  i n d ic a t e  th e  c h o i c e .  Moving through th e  system  
b e in g  s im u la ted  a r e . c e r t a i n  b a s ic  u n i t s  th a t  depend upon 
th e  natu re  o f  th e  sy s tem . These u n i t s  are i d e n t i f i e d  v /ith  
e n t i t i e s . c a l l e d  t r a n s a c t io n s .  The sequence o f  a c t i o n s  
o c c u r r in g  i n  th e  system  i n  r e a l  t im e i s  r e f l e c t e d  i n  th e  
movement o f  t r a n s a c t io n s  from b lock  to  b lock  i n  s im u la te d  
c lo c k  t im e .
2 E fro n , R, and Gordon, G."A. General Purpose D i g i t a l  
S im u la t io n  and Examples o f  i t s  A p p l ic a t io n s ."  IBM System s  
J o u rn a lj  v o l .3 : 1 »  1964 .
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2 . -  SIMSCRIPT. -  5
The SIMSCRIPT langu age  i s  based upon a d e s c r i p t io n  o f  
system s in v o lv in g  c o n c e p ts  denoted by e n t i t y ,  a t t r i b u t e ,  
s e t ,  s t a t e ,  and e v e n t .  In  t h i s  la n g u a g e , t h e s e  term s have  
been a ss ig n e d  th e  f o l lo w in g  m eanings. B r i e f l y ,  an e n t i t y  
i s  a c l a s s  o f  o b j e c t s  d e sc r ib e d  by a f i x e d  c o l l e c t i o n  o f  
param eters c a l l e d  a t t r i b u t e s .  I n d iv id u a l  members o f  an 
e n t i t y  c l a s s  have s p e c i f i c  n u m erica l v a lu e s  a s s ig n e d  to  
t h e i r  param eters . S e t s  are c o l l e c t i o n s  o f  in d iv id u a l  e n t i t i e s  
h a v in g  c e r t a i n  common p r o p e r t i e s .  The s t a t e  o f  th e  model 
a t  any g iv e n  i n s t a n t  i s  c o m p le te ly  d e sc r ib e d  by the  cu rren t  
l i s t  o f  in d iv id u a l  e n t i t i e s ,  t h e i r  a t t r i b u t e s  and s e t  mem­
b e r s h ip s .  The dynamics o f  th e  system  are r e p r e se n te d  :v 
by changes o f  s t a t e ;  t h a t  i s ,  a d d i t io n  or d e l e t i o n  o f  i n d i ­
v i d u a l s ,  change o f  a t t r i b u t e  v a l u e s ,  s e t  memberships, or  
some com b ination  o f  t h e s e .  These changes ta k e  p la c e  in s t a n ­
ta n e o u s ly  a t  d i s c r e t e  p o in t s  i n  s im u la ted  tim e and are  
c a l l e d  e v e n t s .  The tim e a t  which an ev en t  i s  t o  occur  i s  
most fr e q u e n t ly  p r e sc r ib e d  by SIMSCRIPT programming as  vn 
c u r r e n t  tim e p lu s  some in crem en t .
SASP. - 4,
GASP i s  a- FORTRAlT-compiled s e t  o f  23 su b ro u tin e  programs 
and fu n c t io n  subprograms l in k e d  and organ ized  by a main 
program known as th e  GASP EXECUTIVE. The p r in c ip a l  advan-
3 D im sdale , B . ,  and M arkowitz, H.M. "A D e s c r ip t io n  o f  
th e  SIMSCRIPT L anguage.” IBM System s J o u r n a l ,  v o l . I I I : 1 .
196 4 . 5 7 -6 7 .
4 K iv ia t ,  P .H .,  and C olker , A. ”C-ASP— A General A c t i v i t y  
S im u la tion  Program .” The RAETD C orp ora tion , P-2S64, F eb .1964 .
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t a g e s  o f fe r e d  by GASP are  i t s  m aehine-independence and i t s  
modular c h a r a c t e r i s t i c s ,  which make i t  q u ite  e a sy  to  expand 
and a l t e r  s im u la t io n  programs to  s u i t  the  needs o f  any g iv e n
*r
system .
Once th e  components, v a r i a b l e s ,  param eters, and f u n c t io n a l  
r e l a t i o n s h i p s  fo r  th e  system  under stu dy  have been s p e c i f i e d ,  
th en  a sm all s e t  o f  s p e c i a l  symbols and GASP-oriented f lo w ­
c h a r t in g  c o n v e n tio n s  can be used  to  w r i te  f lo w  c h a r ts  d e -  - 
s c r ib in g  th e  behaviour o f  th e  system . Plow c h a r ts  w r i t t e n  
v w ith  t h e s e  GASP c o n v e n t io n s  are e a s i l y  t r a n sc r ib e d  i n t o  ma­
c h i n e - t r a n s l a t a b l e  FORTRAN s ta te m e n ts .  Four d i f f e r e n t  con-? 
c e p t s  are  embodied i n  GASP f lo w  c h a r ts :  o p e r a t io n s ,  d e c i s i o n s ,
t r a n s f e r s ,  and c o n t r o l .
5
4 . -  SIMPAO. -
Models form ulated  i n  SIMPAO c o n s i s t  o f  fo u r  b a s ic  compo­
n e n ts :  a c t i v i t i e s ,  t r a n s a c t io n s ,  queues, and o p e r a t io n a l  
r e s o u r c e s .  SIMPAC i s  a f ix e d  tim e increm ent language w r i t t e n  
f o r  th e  IBM 7090 and u s e s  standard f lo w  ch art sym bols . Al­
though SIMPAC i s  c h a r a c te r iz e d  by a f a i r l y  f l e x i b l e  range  
o f  output r e p o r t s ,  i t  i s  a somewhat more d i f f i c u l t  language  
to  l e a r n  than  GPSS and GASP. In  terms o f  a p p l i c a t io n s ,
SIMPAC was develop ed  to  handle  w a i t in g  l i n e  a n d 'sc h e d u lin g  
problems o f  a s im i la r  n a tu re  t o  th o s e  problems which are  
t r e a t e d  by GPSS, SIMSCRIPT, and GASP.
5 B a l in t f y ,  J . L . ,  Burdick, D .S . ,  Chu, Kong, and 
N aylor , T.H. Comnuter S im u la tion. Tec hni a u e s . John W iley & 
Sons, I n c . ,  New York, N.Y. 19*67. p. 305.
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■ CHAPTER I I I
•THE PRESENT SYSTEM
3 .1  . DESCRIPTION OF THE SYSTEM.
The system  to  be s im u la te d  i s  a sem i-autom ated  rim l i n e
c o n s i s t i n g  o f  e ig h t  s t a t i o n s ,  each o f  them perform ing  ene or
more o p e r a t io n s  on th e  fu tu r e  r im , s t a r t i n g  from th e  s t r i p s  
o f  c u t  s t e e l .  F ig u re  1 shows th e  la y o u t  o f  th e  l i n e .
The f i r s t  s t a t i o n  i s  th e  Shear and C o i l .  A mechanism o f  
s u c t io n  cups p ic k s  up th e  m eta l  s t r i p  and p la c e s  i t  on th e  
machine which f i r s t  c u ts  i t  t o  s i z e  and then c o i l s  i t  in  th e  
shape o f  th e  r lm - t o - b e .  The r im  i s  th e n  k ic k e d  onto  one o f  th e  
two c h u te s  l e a d in g  t o  th e  w e ld in g  s t a t i o n s ,  th e  rim g o in g  t o  th e  
open c h u te ,  depending on which has few er  rim s a s  I n d ic a te d  by 
s w itc h e s  t r ig g e r e d  by th e  r o l l i n g  r im s .
In  th e  Welding S t a t io n  \ a n  o p e r a to r  lo a d s  th e  w elder  manut-, 
a l l y  and w elds th e  r im . An au to m a tic  arm p la c e s  the, rim on 
th e  d eb u rr ln g  machine and th e  weld i s  giiren a smooth f i n i s h .  
Another m agnetic  arm lo a d s  th e  rim on th e  edge trimmer and 
th e  rim i s  l a t e r  dropped on th e  ch u te  l e a d in g  t o  th e  n e x t  
s t a t i o n .
The t h i r d  s t a t i o n  i s  th e  E le v a to r  Washer c o n s i s t i n g  o f  
a ,sd ip  ta n k ” and a s y s t e m  o f  c h a in s  and hooks which picks up 
th e  rim a f t e r  b e in g  soaked in  o i l  ( t o  c o o l  th e  weld and 
l u b r i c a t e  th e  m eta l fo r  th e  r o l l i n g  o p e r a t io n s )  and l i f t s  i t  
about f i v e  f e e t  b e fo r e  r e l e a s i n g  i t  i n t o  th e  McKay R o l l  
c h u te .
The McKay R o l l  performs th e  f i r s t  r o l l i n g  o p e r a t io n  on 
th e  r im , and i t  i s  loaded  by way o f  a  f e e d e r  arm which p la c e s
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FI
G
UR
E 
1 
-R
IM
 
L
IN
E
13
II
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
th e  rim between the  r o l l s .  Once th e  r o l l i n g  i s  com pleted , th e  
rim queues f o r  the  F in is h  R o l ls  (#1 and #2) where fu r th e r  
r o l l i n g  o p e r a tio n s  are  performed on th e  rim . These two r o l l s  
a c t u a l l y  r e f i n e  th e  work o f  th e  McKay R o l l  and shape th e  rim  
a l i t t l e  more. F i n a l l y ,  the  rim moves to  th e  Expander P r e s s ,  
th e  fu n c t io n  o f  which i s  to  c o r r e c t  any d e v ia t io n s  from the  
s p e c i f i e d  d iam eter  and width o f  th e  rim by way o f  a heavy p ress  
p r e v io u s ly  s e t  to  th e  ex a ct  s p e c i f i c a t i o n s  r e q u ir e d .
From the Expander P ress  th e  rim i s  dropped on a conveyor  
which tak es  i t  t o  th e  Wheel Department where the  corresponding  
sp id e r  i s  welded on the  rim t o  make a f in i s h e d  w h eel.-  : 4
S ix  men atten d  each l i n e s  one on each w eld ing  . s t a t i o n ,  one 
on th e  c o n tr o l  p an el o f  the  Mc^ay R o l l ,  one a t te n d in g  a l l  th r e e  
r o l l i n g  o p e r a t io n s  , a l i n e  l e a d e r  and s e t  up man in  charge  
o f  s e t t i n g  th e  m achines, and a s i x t h  man to  v i s u a l l y  in s p e c t  
th e  rims and a s s i s t  during breakdowns. The approxim ate  
p o s i t i o n  o f  each metn i s  shown in  F igu re  1.
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3 * 2 . T I M E  S T A N D A R D S .
The Standards S e c t io n  in  th e  E n g in eer in g  Department o f  th e  
company i s  in  charge o f  s e t t i n g  th e  tim e stan d ard s f o r  a l l  
m achines in  th e  l i n e .  T h is i s  done in  th e  form o f  a P rod u ctio n  
R outing  l i k e  th e  one shorn in  F ig u re  2 . The t im es in d ic a t e d  in  
the . column "minutes each*1 a re  th e  t im es  each man i s  supposed , 
t o  spend on one rim . These t im es  added to  th e  tim e needed to  
a d j u s t  th e  l i n e  fo r  a g r o s s  p ro d u ct io n  o f  840 rims per hour  
( 0 .0 2 5 4  m in ), make a t o t a l  t im e  o f  0 .4 2 8 4  m inutes per  r im .
I t  can be noted  t h a t  th e  w e ld ers  and th e  man I n s p e c t in g  th e  
rim s do n o t  have t o  work a t  100^ e f f i c i e n c y  s in c e  th e  o th e r  
men have lo n g e r  c y c l e  t im es  f o r  t h e i r  r e s p e c t iv e  j o b s .
A llow ances fo r  th e  men o f  7 % d e la y  and 8 % p e r so n a l  
(which In c lu d e s  th e  two 10-m inute  c o f f e e  breaks as w e l l )  
reduce th e  p rod u ctio n  f i g u r e  to  an ex p ected  n e t  o f  714 rims 
per hour. F i n a l l y ,  an a l lo w a n c e  o f  20 % i s  made f o r  breakdowns 
and r o u t in e  m aintenance which b r in g s  th e  t o t a l  t im e  c o s t  per  
rim to  0 .6 3 0  m in u te s .  Thus th e  ex p ected  p ro d u ction  a f t e r  
a llo w a n c es  and breakdowns i s  45?1 rims per 8~hcur s h i f t  or  
an average p rod u ctio n  o f  ap p ro x im ate ly  5? i rims per  hour.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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-3*3- PRODUCTION AND DOWNTIME RECORDS *
A P roduction  Record s h e e t  i s  prepared by th e  P rod uction  
C ontrol Department on a d a i ly  b a s i s .  A sample i s  shown on 
F ig u re  3 • These ;sh e e ts ' -c o n ta in  th e  p ro d u ctio n  in  th e  
Wheel Department (D ept, 223) s Rim Departments (222  and 2 2 4 ) ,  
and S p id er  Department ( 2 2 7 ) .  The w h e e ls ,  r im s , and sp id e r s  
are  l i s t e d  by number and make and th e  th r e e  columns o f  f i g u r e s  
show th e  t o t a l  number o f  p i e c e s  produced, th e  number o f  s c r a p ,  
and th e  t o t a l  number o f  good p ie c e s  produced, i n  th a t  o r d e r .
From th e  P rod uction  S c h e d u le s ,  th e  p a r t i c u la r  l i n e  on which  
a s p e c i f i c  type  o f  w h ee l,  rim o r  s p id e r  was made can be e a s i l y  
t r a c e d  to  Iteep a record  oh th e  p r o d u ct io n  o f  any one l i n e .
The Line Leader in  th e  Rim Department keeps a record  o f  a l l  
downtime in  th e  l i n e  and th e  cause  o f  each breakdown. T his  
in fo r m a tio n  i s  l a t e r  ta b u la te d  In  th e  E n g in eer in g  Department 
f o r  each machine in  th e  l i n e  and a cco rd in g  to  fou r  c a t e g o r i e s !  
e l e c t r i c a l ,  h y d r a u l ic a l ,  t o o l i n g ,  and a i r ,  s e t - u p , ,and o th er  
breakdowns. See F igure 4 . In t h i s  way, th e  major so u rces  o f  
downtime can be tra c ed  and c o r r e c t iv e  measure taken as soon as  
p o s s i b l e .  A side  from th e  Downtime R ecords, p e r io d ic a l  Delay-Time  
S tu d ie s  are conducted by th e  E n g in eer in g  Department throughout  
th e  y e a r .  The Downtime Records a re  ta b u la te d  on a weekly b a s i s  
and th ey  a l s o  In c lu d e  one o f  th e  machines from th e  Wheel D ept, 
which I s  not p art o f  th e  Rim l i n e s .
Another method o f  keeping th e  record  o f  a l l  downtime now 
used by the  company i s  by ta b u la t in g  th e  in form ation  o f  th e
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s o - c a l l e d  181 c a rd s .  The 181 card i s ,  th e  r e q u i s i t i o n  fo r  
m aintenance p e r so n n e l  s ig n ed  by th e  foreman whenever a break­
down i s  rep orted  to  him by th e  l i n e  le a d e r  or one o f  th e*
w orkers. This -card co n ta in s  in fo r m a tio n  regard in g  th e  nature  
o f  th e  breakdox-m as w e l l  as th e  t im es o f  r e q u i s i t i o n  and o f  
com pletion  o f  th e  r e p a ir  work. Even though the  181 cards have 
been used fo r  some tim e in  the  p l a n t ,  i t  was on ly  r e c e n t ly  
th a t  a l l  t h i s  in form ation  was ta b u la te d  by th e  E n g in eer in g  
Department w ith  th e  id e a  o f  h av in g  reco rd s  on the  frequency  
and du ra tio n  o f  breakdowns as w e l l  as th e  s p e c i f i c  cause  o f  
such breakdowns.
S in c e  the work on th is ,  paper was a lre a d y  s t a r t e d  when 
t h i s  new method was adop ted , i t  has been used  on ly  in  l a t e r  
ch a p ters  w h ile  th e  p rev io u s  Downtime Records have been used  
in  Chapter Three.
A sample copy o f  the l a t t e r  method i s  reproduced in  F igure  
5 .  I t  shows th e  Downtime f o r  R o l l  #2 in  Line A fo r  th e  p er iod  
between A p r il  22 and June 5 9 1970# The T/'Tlme column g iv e s  
th e  t o t a l  r e p a ir  time fo r  each group o f  breakdowns, w ith  th e  
number to  th e  l e f t  o f th e  d ec im a l p o in t  r e p r e s e n t in g  h ou rs ,  
and th e  one to  the  r ig h t  r e p r e s e n t in g  m in u tes .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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DOWNTIME PEll 181 FORMS 
"A" LINE #2 ROLL -  W 6667 FROM APR. 22 TO JUNE 5/70
•DESCRIPTION 'NO. OF OCCURRENCES T/TIME
Broken wire 7 2.59 h r s .
Repair carr iage 7 8.49 h r s .
Repair o i l  leak  ( te n s io n  r o l l  c y l . . 4 (1 card no time) 5 .23 h r s .
Repair sw itch 3. 1 .22 h r s .
Adjust speed 2- 1 .10 h r s .
Repair chute 1 2 ,31 h r s .
Guide r o l l  not going up 1 1 .30 h r s .
R eset 1' * .10 min.
Lube l i g h t  s ta y in g  "on" 1 .39 min.
Change p is to n 1 .20 min.
Loader 1 .22 mmin.
No water 1 .21 min.
Water pump 1 .13 min.
25.49 h r s .
Note: 9 . cards -  no d e s c r ip t io n  - 8.06 h r s .
TOTAL REPAIR TIME ....... 33.55 HRS.
F ig u re  5 . - New Downtime Record
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CHAPTER IV
MODEL DEVELOPMENT
4 ,1  DEFINITION OP BLOCKS.
In  t h i s  s e c t i o n ,  a l l  o f  th e  "blocks used i n  t h i s  paper  
a r e  d e sc r ib ed  b r i e f l y  a lo n g  w ith  the  d e f i n i t i o n s  o f  
some im portant p e r t in e n t  term s used  i n  GPSS.
The b a s ic  assem bly  program in p u t  format c o n s i s t s  o f  th r e e  
d i s t i n c t  major f i e l d s :  th e  l o c a t i o n  f ie ld ( c o lu m n s  2 - 6 ) ,  th e  
o p e r a t io n a l  f i e l d  (columns 8 - 1 8 ) ,  and th e  v a r ia b le  f i e l d  
( s t a r t i n g  a t  column 19)•  The meaning o f  each  f i e l d  depends 
on th e  type  o f  card  b e in g  e n te r e d .  The l o c a t i o n  and opera­
t i o n  f i e l d s  are s i n g l e - e n t r y  f i e l d s  and are s tr a ig h t fo r w a r d .  
T heir  meaning and use  are d i s c u s s e d  i n d iv i d u a l ly  in  th e  
f o l lo w in g  s u b s e c t io n s .  The v a r ia b le  f i e l d  c o n s i s t s  o f  seven  
s u b f i e l d s ,  w hich are  la b e le d  A, B, C , . . . s G. Succeed ing  
s u b f i e l d s  are denoted by s e p a r a t in g  commas which are en tered  
d i r e c t l y  on th e  in p u t c a r d . The s i g n i f i c a n c e  o f  each sub-:, 
f i e l d  i s  a l s o  a f u n c t io n  o f  th e  p a r t i c u la r  card i n  which  
i t  a p p ea r s .  S u b f ie ld s  need n o t  be s p e c i f i e d  i f  not r eq u ire d ;  
however, i f  a s u b f i e ld  i s  o m itted  between two d e f in e d  sub­
f i e l d s ,  th e  s e p a r a t in g  commas must be en tered  t o  in d ic a t e  
t h a t  a  s u b f i e ld  i s  b e in g  o m it te d .  The end o f  th e  v a r ia b le  
f i e l d  i s  denoted by th e  f i r s t  blank c h a r a c te r  encountered  
a f t e r  column 19» Any s u b f i e l d s  which are n ot d e f in e d  by 
th e  u se r  when th e  end o f  th e  v a r ia b le  f i e l d  i s  encountered  
are assumed by th e  program t o  be b lan k .
Any in fo r m a tio n  found a f t e r  a b lank i n  the  v a r ia b le
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
f i e l d  i s  t r e a te d  a s  a  comment.
1 Equipment- Oriented Bloc?£ T yp es . -
a) SEIZE B lo c k .-
The SEIZE block r e c o r d s  t h e  u se  o f  a f a c i l i t y  by the  
e n te r in g  t r a n s a c t io n  so  t h a t  i t  rem ains i n  u se  u n t i l  the  
s e i z i n g  t r a n s a c t io n  e n te r s  a co rresp o n d in g  RELEASE b lo c k .
I f  a  t r a n s a c t io n  i s  c u r r e n t ly  u s in g  th e  f a c i l i t y  s p e c i f i e d  
i n  f i e l d  A o f  the SEIZE b lo c k ,  no o th e r  t r a n s a c t io n  i s  
a llow ed  en try  to  the  SEIZE b lo c k .
b) RELEASE B lo c k .-
The RELEASE block  r e l e a s e s ,  or  f r e e s ,  a f a c i l i t y  se iz e d  
by th e  e n te r in g  t r a n s a c t io n .  A t r a n s a c t io n  may n ever  be r e ­
fused  en try  to  the  RELEASE b lo c k ,  but th e  f a c i l i t y  r e fe r r e d  
to  by t h i s  b lock  must have been  s e i s e d  by th e  e n te r in g  t r a n s ­
a c t i o n .  No other  t r a n s a c t io n  ex ce p t  th e  one t h a t  o r i g i n a l l y  
se iz e d  a f a c i l i t y  i s  a b le  to  r e l e a s e  i t .  A d d it io n a l  t r a n s ­
a c t io n s  v/hich a r r iv e  at th e  SEIZE b lo c k  b e fo r e  th e  p reced in g  
t r a n s a c t io n  e n te r s  th e  RELEASE b lo c k ,  must w a it  a t  th e  SEIZE 
block  u n t i l  the f a c i l i t y  becomes f r e e .  I f  two or more tr a n s ­
a c t io n s  are w a it in g  a t  th e  SEIZE b lo c k ,  th e y  are se r v ic e d  
on a f i r s t - c o m e , f i r s t - s e r v e d  b a s i s .
c )  ENTER Block
The ENTER block r ec o rd s  th e  usage o f  a  s to r a g e  by a 
t r a n s a c t io n .  R ie ld  A i n d i c a t e s  a s p e c i f i c  s to ra g e  number. A 
STORAGE d e f i n i t i o n  card i s  used  to  d e f in e  th e  c a p a c i ty  o f  th e  
s t o r a g e .  When a t r a n s a c t io n  e n t e r s  an ENTER b lo c k ,  th e  record  
o f  th e  t o t a l  number o f  u n i t s  occu pying  th e  s to r a g e  s p e c i f i e d
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i n  f i e l d  A i s  in crem en ted , f o r  our p u r p o se s ,  by on e . I f  th e re  
i s  n o t  enough sp ace  a v a i la b l e  f o r  a p a r t i c u la r  t r a n s a c t io n ,  i t  
w i l l  be r e fu s e d  en try  to  th e  s t o r a g e ,
d) LEAVE B lo c k . -
The LEAVE b lo c k  s e r v e s  th e  f u n c t io n  o f  removing a number 
o f  u n i t s  from th e  c o n t e n t s .o f  a s t o r a g e  (one in  our c a s e ) .  
F i e ld  A I n d ic a te s  th e  s to r a g e  from which a u n i t  i s  t o  be 
removed.
2 . -  T r a n sa c t io n -O r ien ted  B lock  T y p es . -
a ) ADVANCE B lo c k . -
The ADVANCE b lo c k  i s  th e  means by which t r a n s a c t io n s  are  
d e la y ed  in  th e  cou rse  o f  t h e i r  p r o g r e s s  through th e  s im u la to r  
b lo c k  diagram , and i t  i s  used  t o  r e p r e s e n t  such t h in g s  as  
c y c l e  t im es o f  m ach ines, breakdown t im e s ,  e t c .
b) GENERATE B lo c k . -
The fu n c t io n  c f  t h i s  b lo c k  i s  to  c r e a te  t r a n s a c t io n s  fo r  
e n try  in t o  th e  system  where F i e l d  A r e p r e s e n t s  th e  average  
or mean tim e between o r i g i n a t i o n s . T h is  mean may be m o d if ied  
by s p e c i f y in g  e i t h e r  a spread or  a f u n c t io n  as a m o d if ie r  in  
f i e l d  B.
c) TERMINATE B lo c k . -
The TERMINATE B lock  removes t r a n s a c t io n s  from th e  system .. 
F i e l d  A s p e c i f i e s  whether or n o t  t h i s  b lo c k  c o n t r ib u t e s  to  th e  
t o t a l  te r m in a t io n  count and, i f  s o ,  how many u n i t s  i t  w i l l  
c o n t r ib u t e .
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3 .~  Flow M o d if ic a t io n * -—ia«i%wvT»i i.iaBWwu-.i ■■ -.'liB
a) TRANSFER B lo c k . -
The TRANSFER b lo c k  i s  g e n e r a l ly  u sed  t o  d i r e c t  th e  e n te r in g  
t r a n s a c t io n  to  a nonsequentia l n e x t  b lo c k  . This may be done 
in  a v a r i e t y  o f  ways: l o g i c a l l y ,  s t a t i s t i c a l l y ,  c o n d i t i o n a l l y , 
or u n c o n d i t i o n a l l y . Only th e  secon d  and fo u r th  o f  t h e s e  w i l l  
be d i s c u s s e d  h ere  as  th ey  a re  th e  o n ly  ones used  in  t h i s  p ap er .  
For th e  u n c o n d it io n a l  t r a n s f e r ,  f i e l d  A remains b la n k , and 
every t r a n s a c t io n  e n te r in g  th e  b lo c k  w i l l  be s e n t  t o  th e  
f i e l d  B n e x t  b lo c k ,  ( i . e . ,  th e  b lo c k  whose number i s  i #  f i e l d  
B. In  th e  s t a t i s t i c a l  t r a n s f e r ,  th e  p r o b a b i l i t y  o f  s e l e c t i n g  
th e  n e x t  b lo c k  in  f i e l d  C i s  g iv e n  by th e  f r a c t i o n  o f  f i e l d  A. 
The r e s t  o f  th e  tim e th e  t r a n s a c t io n  w i l l  be d i r e c t e d  t o  th e  
b lo c k  s p e c i f i e d  in  f i e l d  B.
Program F e a t u r e s . -  
a) TEST B lo c k .-
The TEST b lo c k  s p e c i f i e s  a c o n d i t io n  t o  be met by th e  
t r a n s a c t io n  e n te r in g  the  b lo c k ,  such a s  l e s s  th a n , l e a s  than  
or eq u a l t o ,  e q u a l  t o ,  n o t  e q u a l ,  g r e a t e r  th an , and g r e a t e r  
than or  equal t o .  I f  th e  d e s ir e d  r e l a t i o n  i s  s a t i s f i e d ,  th e  
t r a n s a c t io n  g o es  to  th e  n e x t  b lo c k  in  th e  program. I f  i t  i s  
n o t ,  i t  goes to  th e  b lo c k  s p e c i f i e d  in  f i e l d  C. The arguments 
are  s p e c i f i e d  in  f i e l d s  A and B.
5 . ” S t a t i s t i c a l  B lock  T yp es. -
a) TABULATE B lo c k . -
When a t r a n s a c t io n  en ters  a TABULATE b lo c k ,  i t  s i g n i f i e s  to  
th e  program t h a t  c e r t a in  s t a t i s t i c s  are  to  be g a th e r e d .  F ie ld
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A s p e c i f i e s  th e  number o f  th e  TABLE in  which th e  s t a t i s t i c s  
a re  t o  be ta b u la te d .  The typ e  o f  in fo r m a tio n  to  be ta b u la te d  
i s  d e f in e d  on a s e p a r a te  TABLE d e f i n i t i o n  card . The t a b le  
mode used  in  t h i s  paper i s  th e  A r r iv a l  Rate Mode which 
o p e r a te s  as f o l lo w s  s when a t r a n s a c t io n  e n te r s  a TABULATE 
b lo c k  which r e f e r s  to  a TABLE th a t  i s  o p e r a t in g  in  t h i s  mode, 
an en try  i s  n o t  made in  th e  frequency  d i s t r i b u t i o n .  I n s t e a d ,  
th e  number o f  u n i t s  s p e c i f i e d  a t  th e  TABULATE b lo c k  i s  added  
t o  th e  a r r i v a l  count fo r  th e  TABLE, The TABLE card c o n ta in s  
.-a tim e i n t e r v a l  in  f i e l d  E, so th a t  th e  a r r i v a l  count w i l l  be 
e n ter ed  i n t o  th e  frequ en cy  d i s t r i b u t i o n  every  t  c lo c k  u n i t s ,  
where t  i s  th e  t im e i n t e r v a l .
6 ,"  C on tro l Cards. -  ,
a) START c a rd .«
T his card in d ic a t e s  to  th e  s im u la to r  th a t  a l l  in p u t d a ta  
has been r e c e iv e d  and th a t  th e  run may now p ro ceed . F ie ld  A 
s p e c i f i e s  th e  number o f  te r m in a t io n s  t o  be execu ted  b e fo r e  
p r in t in g  th e  f i n a l  summary s t a t i s t i c s .  F i e ld  B may be used  t o  
su pp ress  th e  f i n a l  p r in to u t  o f  s t a t i s t i c s  a t  th e  end o f  th e  
run.
b) RESET c a r d . -
T his card cau ses  a l l  accum ulated s t a t i s t i c s  to  be s e t  to  0 .
c) END c a r d . - •
T h is  card s p e c i f i e s  th e  end o f  th e  in p u t  deck.
d) COMMENT c a r d .-
An a s t e r i s k  in  column i  w i l l  cause a e n t i r e  card to  be 
t r e a te d  as a COMMENTS card . A lso ,  any card w ith  a b lank  
o p e r a t io n  f i e l d  w i l l  be t r e a t e d  as a COMMENTS card .
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? • “ D e f i n i t i o n  o f  ter m s . -  
a) R e a l- t im e  c l o c k . -
In order  to  p ro v id e  th e  c o r r e c t  t im e  sequence  th e  program 
m a in ta in s  a c lo c k  th a t  rec o rd s  th e  i n s t a n t  o f  r e a l  tim e th a t  
has been reached  i n  th e  modeled sy s te m , and t h i s  i s  r e f e r r e d  
t o  a s  th e  “c lo c k  time**. A l l  c lo c k  t im e s  in  th e  s im u la to r  are  
p r e s e n te d  as  i n t e g r a l  numbers.
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4 . 2 .  MODEL DEVELOPMENT FOR SHEAR AND COIL STATION. 
i . »  Model
The f i r s t  model f o r  th e  Shear and C o i l  S t a t io n  c o n s i s t e d  
o f  f i v e  b lo c k s  arranged in  th e  manner shorn in  F ig u re  6 .
The ENTER 3 b lo c k  r e fe r r e d  t o  a s to r a g e  whose c a p a c ity  was 
1 .  T his would mean t h a t  no o th e r  t r a n s a c t io n s  would be a llow ed  
to  proceed  u n t i l  th e  p r e v io u s  one had p a ssed  through th e  
LEAVE 3 b lo c k .  The purpose o f  t h i s  was to  ensu re  th a t  when
a breakdown o c cu rr ed , new t r a n s a c t io n s  would w a it  b e fo re
<
p ro ceed in g  any f u r t h e r .  The .TRANSFER b lo c k  would prov id e  fo r  
a tim e d e la y  t o  ta k e  p la c e  a t  c e r t a i n  I n t e r v a l s ,  r e p r e s e n t in g  
th e  breakdowns in  th e  m achine. The r e s t  o f  th e  t im e ,  t r a n sa c ­
t i o n s  would move r ig h t  through t o  th e  LEAVE 3 b lo c k  w ithout  
ca u s in g  any de3.ay. F i n a l l y ,  t r a n s a c t io n s  would e n te r  th e  
ADVANCE b lo c k  r e p r e s e n t in g  th e  c y c l e  t im e  fo r  th e  m achine.
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Flscure 6 . -  Model 1 , Shear and C o l l  S t a t i o n .
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2 » -  Model 2„° , .
The f i n a l  model s u b s t i t u t e d  th e  S to r a g e  b lo c k s  o f  model 
I - w i t h  th e  F a c i l i t y  b lo c k s  shown in  F ig u r e  7 . T h is  was done 
b ecau se  i t  made th e  model s im p le r  and i t  r e p r e se n te d  th e  
r e a l  s i t u a t i o n  more a c c u r a t e l y .  Nhen a t r a n s a c t io n  e n te r e d  
t h e  SEIZE 10 b lo c k ,  f a c i l i t y  1.0, r e p r e s e n t in g  th e  sh ea r  and 
c o i l  m achine,w ould  be s e i z e d  w ith o u t  a l lo w in g  any oncoming 
. t r a n s a c t io n s  to  move u n t i l  th e  f i r s t  t r a n s a c t io n  reached  
th e  RELEASE 10 b lo c k .
Another change c o n s i s t e d  o f  in c lu d in g  th e  ADVANCE b lo c k  
r e p r e s e n t in g  th e  machine c y c l e  tim e w ith in  th e  SEIZE-RELEASE 
se q u e n c e ,  so  t h a t  no more than  one t r a n s a c t io n  u t i l i z e d  
th e  machine a t  any t im e .  In  th e  r e a l  s i t u a t i o n ,  th e  machine 
can o n ly  ta k e  care  o f  one p i e c e  o f  raw m a t e r ia l  a t  a t im e .
In model on e , s e v e r a l  t r a n s a c t io n s  c o u ld  have been go in g  
through th e  ADVANCE b lo c k  a t  th e  same tim e, som ething  
im p o s s ib le  i n  th e  r e a l  s i t u a t i o n .
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4 .3  MODEL DEVELOPMENT FOR WELDING STATION.
l . ~  Model 1 »-
The f i r s t  model c o n s i s t e d  o f  tw e lv e  b lo c k s ,  the  f i r s t  f i v e  
correspond ing  to  th e  w eld ing  o p e r a t io n ,  and they were arranged  
in  a  s im i la r  way as  fo r  th e  sh ear  and c o i l .  The l a s t  s e v e n ,  
however, in c lu d ed  a SEIZE b lo c k  p ro ceed in g  th e  e le v a to r  
washer operation^ and a RELEASE b lo c k  f o l lo w in g  i t .  The 
s to r a g e s  corresp ond ing  to  th e  ENTER 5 and ENTER 6 b lo c k s  had 
c a p a c i t i e s  o f  1 , a s  b e f o r e .  See F igu re  8 .
2«- Model 2 . —
As in  th e  Shear and C o i l  S t a t i o n ,  th e  ENTER-LEAVE combina­
t i o n s  were r e p la c e d  by SEIZE-RELEASE o n e s .  However, th e  ENTER 
b lo c k  now r e p re sen ted  th e  c a p a c i t i e s  o f  th e  chutes in  f r o n t  
o f  th e  weider and e le v a t o r  w asher, f a c t  t h a t  was ign ored  in  
Model 1 .  The s t o r a g e s  r e fe r r e d  to  by th e  ENTER 1 and ENTER 21 
b lo c k s  would have a c a p a c ity  in d ic a t e d  by th e  maximum number 
o f  rims t h a t  can be p la c ed  in  th e  c h u te s ,  e . g .  7 f o r  th e  
w elder and 22 rims fo r  th e  e le v a t o r  w asher. This would cause  
th e  Shear and C o il  machine to  h a l t  whenever the chutes  were 
f u l l  o f  r im s .
As b e f o r e ,  the  ADVANCE b lo c k s  were p la c e d  w ith in  th e  
SEIZE-RELEASE sequence to  keep t r a n s a c t io n s  going through  
th e  machine one a t  a tim e and occupying th e  f a c i l i t y  u n t i l  
r e le a s e d  by the  ou tg o in g  t r a n s a c t io n .  See F igure 9 .
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4 .4  MODEL DEVELOPMENT FOR MCKAY ROLL STATION.
1»- Model 1 . -
The f i r s t  model"was made up o f  seven  b lo c k s ,  a s  shown in  
Figure 10. The ENTER 8 b lo c k  in d ic a te d  a one-rim  s to r a g e  
ca p a c ity  to  keep t r a n s a c t io n s  from g o in g  through during a 
machine breakdown. The TRANSFER b lo ck  in d ic a te d  th e  percen tage  
o f  t r a n s a c t io n s  t-o go through th e  ADVANCE b lo c k ,  which rep re ­
s e n t s  th e  average d u ra t io n  o f  breakdowns. The LEAVE 8 b lo ck  
would a l lo w  anoth er  t r a n s a c t io n  to  move in t o  th e  ENTER 8 
b lo c k .  Then, th e  t r a n s a c t io n  would SEIZE f a c i l i t y  20 corret- 
sponding t o  th e  McKay R o l l ,  i t  would be d e layed  by a time  
equal to  th e  c y c le  o f  th e  machine and would f i n a l l y  be RELEASEd 
from th e  m achine.
2 . -  Model 2 . -
This new model in c lu d e d  an ENTER 23 b lo c k  w ith  th e  s to r a g e  
r e p r e se n t in g  th e  chute  c a p a c ity  fo r  th e  McKay R o l l ,  equal to  
10 r im s. The purpose o f  t h i s  a g a in  was to  s to p  th e  E lev a to r  
Washers when th e  chute  was f u l l .  The s to r a g e  was con sid ered  
" a v a i la b le  aga in  once th e  machine was s e iz e d  by means o f  the  
SEIZE 20 b lo c k .  The f a c i l i t y  was RELEASEd once th e  t r a n s a c t io n  
passed  through th e  ADVANCE b l o c k ( s ) .  The reason f o r  moving 
th e  ADVANCE b lo c k  fo r  th e  c y c le  time V ith in  th e  SEIZS-RELEA3E 
sequence was e x p la in e d  b e f o r e .  See F igu re  11.
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4 .5  B L O C K  D IA G R A M  OP T H E  M O D E L .
The B lock  diagram fo r  th e  model o f  th e  e n t ir e  system  i s  
p ic tu r e d  In F igu re  12 (pages 42 through. 4 8  . )  The c r i t e r io n  used  
in  d e v e lo p in g  such model i s  d is c u sse d  in  t h i s  s e c t io n .
!«,«. Chain Stoppage o f  Machines
One o f  th e  B ig g e s t  problem s en cou n tered  in  d ev e lo p in g  th e  
model was th a t  o f  having a machine sto p p ed  whenever a Breakdown 
d elayed  th e  fo l lo w in g  s t a t io n  or when th e  ch u te  le a d in g  to  th a t  
s t a t io n  was f i l l e d  to  c a p a c ity  w ith  r im s . In th e  f i r s t  few  
m odels d ev e lo p ed , tr a n s a c t io n s  would p i l e  up in  B lock s such as  
th e  TEST,VRELEASE,, TRANSFER, LEAVE,and o th e r  B lo c k s . To s o lv e  
t h i s  problem , i t  was n e c e ssa r y  to  o v e r la p  th e  B lock s from one 
s t a t io n  w ith  th o se  o f  th e  n e s t  w ith ou t d e p a r tin g  from th e  r e a l  
s i t u a t io n  But a ls o  en su r in g  th a t  t r a n s a c t io n s  would n o t p i l e  
up in  b lo c k s  r e p r e se n t in g  n o n e x is te n t  p o in t s  i n  th e  sy stem .
T h is was a ch iev ed  By h av in g  th e  ENTER card I d e n t ify in g  th e  
ch u te  c a p a c ity  fo r  a s t a t io n  p la c ed  B efo re  th e  RELEASE card  
fo r  th e  p r e v io u s  s t a t i o n ,  and By in s e r t in g  th e  LEAVE card . 
a f t e r  th e  RELEASE card fo r  th e  s t a t i o n .
For exam ple, in  th e  E lev a to r  Washer S t a t io n s ,  shown in  
s e c t io n  3 -5  o f  F ig u re  12 (page 44 ) ,  th e  machine has Been s e iz e d  
By B lock  #20aj th e n , a f t e r  g o in g  through th e  breakdown and 
c y c le  b lo c k s  (2 1 a , 22a, and 2 3 a ) , th e  tr a n s a c t io n  w i l l  e n te r  
s to r a g e  7f 5 ,  which i s  th e  s to r a g e  r e p r e s e n t in g  th e  chute capac­
i t y  fo r  th e  McKay R o ll  S t a t io n .  Next i t  w i l l  e n te r  th e  RELEASE 
B lock  f r e e in g  th e  machine fo r  th e  n e x t t r a n s a c t io n , and f i n a l l y  
i t  w i l l  le a v e  s to r a g e  # 3 , which r e p r e se n ts  th e  chute c a p a c ity
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fo r  th e  E le v a to r  Washer, which th e  t r a n s a c t io n  has now l e f t .
In  t h i s  way, whenever th e  ch u te  f o r  th e  McKay R o ll  i s  f u l l ,  
t r a n s a c t io n s  w i l l  n o t be a llo w ed  p a s t  ,, th e  ENTER 5 b lo c k ,  
and th u s th e  E le v a to r  Washer w i l l  n o t  be made a v a i la b le  fo r  
any more t r a n s a c t io n s  u n t i l  th e  m achine i s  r e le a s e d .  T h is ,  
o f  c o u r se , w i l l  n o t happen u n le s s  ch u te  s p a c e ' i s  made a v a i la b le  
in  f r o n t  o f  th e  McKay R o l l .
2 C-  D is t r ib u t io n  o f  Breakdown and C ycle  T im es. -
The breakdown a s w e l l  as th e  c y c le  t im es  fo r  th e  v a r io u s  
s t a t io n s  are  more or l e s s  n orm ally  d i s t r ib u t e d .  However, in  
th e  model th e  d i s t r ib u t io n s  have been assumed r e c ta n g u la r .
T h is i s  n o t c o n s id e r e d , to  have a  marked e f f e c t  in  th e  r e s u l t s ,  
s in c e  th e  average tim es do n o t ch an ge , and th e  t c t a l  tim es  
a l s o  add up to  th e  same, r e g a r d le s s  o f  th e  d i s t r ib u t io n .
3 « -  Frequency o f  Breakdowns. -
The freq u en cy  w ith  which breakdowns occu r  are  r e p re sen ted  
in  th e  model by th e  TRANSFER b lo c k s .  The d ec im a l f ig u r e  s p e c i ­
f i e d  in  f i e l d  A r e p r e se n ts  th e  freq u en cy  In term s o f  th e  
number o f  t r a n s a c t io n s  go in g  through  th e  s t a t io n  in  betw een  
breakdow ns. In o th e r  words, i f  th e  f ig u r e  i s ,  sa y , 0 .0 0 1 , i t  
means th a t  a breakdown w i l l  ta k e  p la c e  ev ery  1000 t r a n s a c t io n s ,  
a p p ro x im a te ly . The prob lem ,how ever, was to  r e p r e se n t  sm a lle r  
f r e q u e n c ie s ,  s\ich as 0 .00033  and 0 .0 0 0 0 3 . T h is was a ch iev ed  
by hav in g  two TRANSFER b lo ck s a s in  th e  fo l lo w in g  exam ples 
TRANSFER .0 0 1 ,OKY2,TRA3
TRA3 TRANSFER .3 3 0 ,0KY2,EDVJ2
BDVJ2 ADVANCE 2^ 7$0 ,15000
OKI2 ADVANCE 1 3 7 ,1 3
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The f i r s t  b lo c k  w i l l  cause 1 ou t o f  1000 t r a n s a c t io n s  to  
e n te r  th e  n e x t b lo ck  TRA3S th e  rem ain ing  999 g o in g  on to  b lo ck  
0KY2 which r e p r e se n ts  th e  c y c le  tim e o f  th e  m achine. The 
secon d  b lo ck  a llo w s  one th ir d  o f  th e  e n te r in g  tr a n s a c t io n s  
t o  e n te r  th e  breakdown b lo c k  (BDW2), In  o th e r  w ords, one out 
o f  3000 tr a n s a c t io n s  w i l l  e v e n tu a lly  reach  b lo c k  BDW2, a l l  
o th e r  2997 sk ip p in g  over  to  b lo c k  0KY2.
H-.- T r a n s a c t i o n  G e n e r a t i o n , -
The G E N E R A T E  b lo c k  was a r b i t r a r i ly  s e t  a t  0 .0 5 5  m in u tes , 
th a t  i s ,  a few  m lll im in u te s  l e s s  than  most o f  th e  c y c le  tim es  
to  en su re  th a t  t r a n s a c t io n s  were a v a i la b le  a t  a l l  t im e s , to  
corresp ond  w ith  th e  r e a l  s i t u a t io n  in  which th e  raw m a te r ia l  
i s  p i le d  up n e x t to  th e  Shear and C o i l .
5« - C h u t e  R o l l i n g  T i m e s . -
A v ery  im portant tim e d e la y  had been n e g le c te d  in  th e  e a r ly  
m o d els , r e p r e se n t in g  th e  tim e tak en  by th e  rim to  r o l l  down 
th e  v a r io u s  ch u tes  J o in in g  th e  e ig h t  s t a t i o n s .  T h is has been  
in c o rp o ra te d  in  th e  f i n a l  m odel9 and i s  r e p r e se n te d  b y 'b lo c k s  
number 10a, 10b, 19a , 19t>» 28 , 3 6 , and 52 in  th e  model o f  
F ig u re  12, I t  can be se en  th a t  th e r e  i s  no s e iz in g  o f  f a c i l i t i e s  
in v o lv e d . T h is en a b le s  more than one tr a n s a c t io n  to  be d e layed  
a t  th e  A D V A N C E b lo c k s  fo r  o v e r l a p p i n g  p e r i o d s  o f  t im e , s in c e  
in  th e  r e a l  s i t u a t i o n ,  more than one rim  m ight be r o l l i n g  down 
a chut e .
6 . -  P r o g r a m  R u n n i n g  T i m e . -
The running tim e o f  th e  program i s  c o n tr o l le d  by b lo c k s  6 l  
and 6 2 . The tr a n s a c t io n s  th a t  were g en era ted  in  b lo c k  1, are
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
41
d e str o y ed  ( in  th e  r e a l  s i t u a t i o n ,  th e  rim s le a v e  th e  l in e )  
by th e  TERMINATE b lo ck  #  6 0 . B lock  6 l  g e n e r a te s  tr a n s a c t io n s  
a t  th e  r a te  o f  one p er c lo c k  u n it  (m llllrctin u tes in  th e  r e a l  
s i t u a t i o n ) , and th e s e  t r a n s a c t io n s  a re  im m ediately  d e str o y ed  
by b lo c k  6 2 . So t h a t ,  i f  we, f o r  exam ple, have 1000 tr a n sa c ­
t io n s  g en era ted  in  b lo c k  6 1 , and th e  same term in ated  in  b lo c k  
6 2 , th e  e n t ir e  program w i l l  run fo r  1000 x -.1000 m ill im im r te s , 
or 1000 m in u te s . I n ' t h i s  manner, th e  program cou ld  be run fo r  
a p e r io d  r e p r e se n t in g  one s h i f t ,  one h ou r, or ten  days^
7 . -  Gate S im u la tio n  a t  Shear and C o l l . -
The g a te  which d ir e c t s  th e  rim s coming out o f  th e  Shear and 
C o il machine in t o  th e  ch u tes le a d in g  to  Welder #1 and Welder 
#2 i s  r e p r e se n te d  in  th e  model by th e  TEST G S2,S1,WEL2 
b lo c k , which o p e r a te s  in  th e  fo l lo w in g  manners whenever a 
t r a n s a c t io n  e n te r s  th e  TEST b lo c k , th e  c o n te n ts  o f  s to r a g e s  
1 and 2 (r e p r e s e n t in g  th e  ch u te  c a p a c it ie s  o f  th e  w e ld ers) are  
compared. I f  s to r a g e  2 has few er or  th e  same number o f  tr a n sa c ­
t io n s  s to r e d , th e  tr a n s a c t io n  in  th e  TEST b lo ck  i s  tr a n s fe r r e d  
to  Welder # 2 , o th erw ise  i t  g oes to  Welder # 1 . The reason  fo r  
th e  b ia s  in tro d u ced  by tr a n s fe r r in g  t r a n s a c t io n s  to  Welder #2  
when both  s to r a g e s  have th e  same number o f  t r a n s a c t io n s  s to r e d ,  
i s  th a t  th e  ch u te  le a d in g  to  Welder #2  has a much la r g e r  rim - 
c a p a c ity  th a t  th e  one le a d in g  to  Welder # 1 .
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F ig u re  1 2 o~ B lock  Diagram o f  th e  M odel.
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4 .6  PROGRAM PRINTOUT.
The program i t s e l f  d i f f e r s  from th e  model o f  th e  system  in  
th a t  i t  in c lu d es- SEIZE-RELEASE seq u en ces fo r  every  machine in  
th e  l i n e .  The purpose o f  t h i s  i s  to  en a b le  th e  g a th e r in g  o f  
s t a t i s t i c s  on th e  u t i l i z a t i o n  o f  th e  m achines in  th e  in t e r v a l s  
betw een'breakdow ns ( i . e .  th e  n e t  p ro d u ctio n  tim e) r a th e r  than  
t h e i r  o v e r a l l  u t i l i z a t i o n  w h ich , o f  c o u r se , would be a sm a ller  
f ig u r e  and n o t r e p r e s e n t in g  th e  tr u e  u t i l i z a t i o n  o f  th e  ma- 
c h in e s .  These SEIZE-RELEASE seq u en ces do n o t have any e f f e c t  
on th e  model i t s e l f  and so were ex c lu d ed  from th e  b lo ck  d ia ­
gram o f  S e c t io n  4 .5
The program i s  reproduced  in  F igu re 1 3 . A l l  th e  card s from  
number 1 t o  number 149 (colum n on th e  r ig j i t  o f  th e  p r in to u t)  
a re  e i t h e r  s e l f - e x p la n a to r y  or have a lr e a d y  been d isc u sse d  
in  p r e v io u s  s e c t io n s .  Some o f  th e  rem ain in g  card s are ; be 
e x p la in e d  a t  t h i s  p o in t .
S ta r t in g  w ith  card number 150, we have th e  fo l lo w in g  t h r e e -  
card  sequence: START x,NP
RESET
START x x x x , , xxx
The f i r s t  o f  th e s e  card s i s  d esig n ed  to  have th e  s im u la tio n  
run fo r  a c e r ta in  p er io d  o f  tim e n e c e s s a r y  to  f i l l  th e  l i n e  w ith  
r im s . The HP sta n d s f o r  nHo P r in t o u t ” a f t e r  t h i s  sh ort run .
Then th e  RESET card w i l l  w ipe out most o f  th e  s t a t i s t i c s  
com p iled  up to  t h i s  p o in t  but w i l l  r e t a in  th e  cu rren t c o n te n ts  
o f  a l l  th e  b lo c k s . The fo l lo w in g  START card  w i l l  th en  run th e  
s im u la t io n  fo r  th e  d e s ig n a te d -p e r io d  o f  tim e w ith  p r in to u ts
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o ccu r in g  a s  in d ic a te d  by th e  second f i g u r e .
Cards number 153 to  number 193 r e q u e s t  th e  d e s ir e d  s t a t i s ­
t i c s  and graphs to -b e  p r in te d  out d u rin g  th e  s im u la tio n  run. 
These in c lu d e  th e  fo l lo w in g  in fo rm a tio n :
Kim count in  a l l  b lo c k s  
Program running tim e
S t a t i s t i c s  on th e  h o u r ly  rim p ro d u ctio n
Graph o f  th e  freq u en cy  o f  th e  h o u r ly  rim  p rod u ction
S t a t i s t i c s  on th e  u t i l i z a t i o n  o f  m achines
Graph , o f  th e  average u t i l i z a t i o n  o f  m achines
S t a t i s t i c s  on th e  u t i l i z a t i o n  o f  ch u tes
Graph o f  th e  average u t i l i z a t i o n  o f  c h u te s .
T h is r eq u ired  outp ut w i l l  be d is c u s se d  in  more d e t a i l  in  
S e c t io n  4 . 7 .
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4 .7  INPUT DATA-.
The fo l lo w in g  i s  th e  data  th a t  n eed s to  he c o l l e c t e d  fo r  a 
s im u la tio n  run:
a )  Chute c a p a c i t y .-
The maximum number o f  rim s th a t  can be p la ced  in  th e  ch u tes  
b e fo r e  ca u sin g  th e  p receed in g  machine to  s to p  has to  mea­
su red  f o r  th e  two w e ld e r s , e le v a to r  w ash ers, th e  McKay R o ll ,  
th e  two f i n i s h  r o l l s  and th e  Expander P r e s s .
b) Frequency o f  breakdow ns.-
The freq u en cy  w ith  w hich breakdowns occur in  each s t a t io n  
h a s to  be c a lc u la te d  from th e  downtime reco rd s k ep t by th e  
company such a s  th e  one shown in  F igu re  4 .
c )  D u ration  o f  Breakdow ns.-
From th e  downtime s h e e t s ,  th e  d u r a tio n , or approxim ate  
average tim e o f  a  breakdown can be c a lc u la te d  fo r  each s t a t i o n .  
To random ize th e s e  t im e s , an e s tim a te d  p lu s  or minus range i s  
added to  them.
d) C ycle t i m e s . -
The c y c le  tim e o f  each machine h as to  be ob ta in ed  by means 
o f  tim e s tu d y . The v a r ia t io n  from c y c le  t o  c y c le  i s  a l s o  
aknowledged in  th e  ADVANCE b lo c k s  r e p r e se n t in g  th e  c y c le  t im e s .
e )  Chute r o l l i n g  t im e s , -
The tim e th a t  th e  rim ta k e s  moving from  machine to  machine 
must a ls o  be m easured fo r  each ch u te  in  th e  l in e  . The average  
tim e i s  the. one e x p ressed  in  th e  corresp on d in g  ADVANCE b lo c k .
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4 .8 .  REQUESTED OUTPUT.
The s p e c i f i c  ou tp u t in fo r m a tio n  r e q u e ste d  "by th e  program  
c o n s i s t s  o f  th e  fo l lo w in g  s t a t i s t i c s  and graphs:
a )  B lock  c o u n t .-
The BLOCK COUNTS g iv e s  in fo r m a tio n  on th e  cu r re n t and 
t o t a l  number o f  t r a n s a c t io n s  i n  each  b lo c k , so  th a t  we can  
determ ine th e  t o t a l  p r o d u ctio n  o f  th e  l i n e  f o r  th e  p e r io d  
th a t  th e  program was runn ing  a s  w e l l  a s  th e  number o f  break­
downs a t  th e  v a r io u s  s t a t i o n s .  See F igu re 14.
b ) C lock s t a t i s t i c s . -
The CLOCK STATISTICS in d ic a t e s  th e  runn ing  tim e o f  th e  
program s in c e  th e  l a s t  RESET card (R e la t iv e  C lock) a s  w e l l  a s  
th e  t o t a l  runn ing tim e (A b so lu te  C lock) up to  t h a t  p o in t  in  
th e  s im u la t io n . See F igu re  14 .
c )  Table S t a t i s t i e s . -
The TABLE STATISTICS p r o v id e s  in fo r m a tio n  r eg a rd in g  
th e  freq u en cy  o f  a r r iv a l  r a t e s ,  i . e .  how o f te n  d id  so  many 
t r a n s a c t io n s  a r r iv e  in  one-hour i n t e r v a l s .  The in fo r m a tio n  
p r in te d  out in c lu d e s  th e  number o f  e n t r ie s  in  th e  t a b le ,  
th e  average h o u r ly  p r o d u ctio n  (mean argum ent), th e  freq u en cy  
c l a s s e s ,  and th e  ob served  fre q u en cy .
A lso  r eq u e sted  i s  a graph o f  th e  ob served  fr e q u e n c ie s  o f  
h o u r ly  rim p ro d u ctio n  w ith  th e  X -a x is  in d ic a t in g  th e  q u a n tity  
o f  rim s and th e  Y -a x is  th e  ob served  fr e q u en cy . See F igu re  15.
d) F a c i l i t y  s t a t i s t i c s . -
The FACILITY STATISTICS c o n ta in s  in fo r m a tio n  on th e
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u t i l i z a t i o n  o f  m achines and p r i n t s  ou t th e  number o f
th e  m achine, th e  average  u t i l i z a t i o n ,  and th e  number o f  
e n t r i e s .
A GRAPH o f  th e  av erage  u t i l i z a t i o n  o f  m achines i s  to  
be p r in te d  ou t  w ith  th e  machine number on th e  X -a x is  and 
t h e  u t i l i z a t i o n  on th e  Y - a x i s .  See f i g u r e  16.
e )  S to rage  s t a t i s t i c s . -
The STORAGE STATISTICS p r o v id e s  data  on th e  u t i l i z a t i o n
o f  a l l  c h u te s  i n  th e  l i n e .  I t  c o n t a in s  in fo r m a tio n  in c lu d ­
in g ;  s to r a g e  number, c a p a c i t y  o f  t h e  s to r a g e ,  a vera g e  c o n t e n t s ,  
averag e  u t i l i z a t i o n ,  number o f  e n t r i e s ,  average  tim e sp en t  by  
a t r a n s a c t io n  i n  th e  c h u te ,  and c u r r e n t  and maximum c o n t e h t s .
A GRAPH o f  th e  average  u t i l i z a t i o n  o f  c h u te s  i s  a l s o  
r e q u e s te d  i n  th e  program, w ith  th e  c h u te s  on th e  X - a x i s ,  and 
t h e  u t i l i z a t i o n  on th e  Y - a x i s ,  a s  shown i n  F igu re  17.
6 i . e .  th e  f r a c t i o n  o f  tim e d u r in g  which th e  machine 
i s  p r o c e s s in g  r im s;  i t  does n ot in c lu d e  th e  t im e 'w h en :th e  
machine i s  w a i t in g  f o r  r im s or b e in g  r e p a ir e d .
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CHAPTER V
SIMULATION OP PRESENT SYSTEM
The n ex t  s te p  a f t e r  d e v e lo p in g  th e  model i s  to  t e s t  i t  
by s im u la t in g  the  r e a l  system  and c o r r e l a t in g  th e  r e s u l t s  
o f  th e  s im u la t io n  w ith  the  a v a i la b l e  record s fo r  the sy s tem .
In t h i s  ch a p ter , one o f  th e  rim l i n e s  i s  s im u la ted  by 
u s in g  th e  model o f  Chapter IV and th e  d ata  c o l l e c t e d  from  
the  company's p a s t  r e c o r d s ,  or  through p e r so n a l  o b s e r v a t io n ,  
in  th e  p la n t .  The r e s u l t s  o b ta in ed  from th e  program are  
compared to  the  p rod u ction  r eco rd s  fo r  th e  same p er io d  
du rin g  which the  d ata  was r e c o rd ed . This g i v e s  u s  a good 
I n d ic a t io n  o f  th e  e f f e c t i v e n e s s  o f  th e  model to  r e p r e se n t  th e  
r e a l  sy stem .
Line A i s  chosen fo r  th e  s im u la t io n  because  i t  i s  c o n s id ­
ered a t y p i c a l  l i n e  and a l s o  b ecau se  i t  was producing th e  same 
ty p e  o f  rim fo r  a long  p er iod  o f  t im e which would keep th e  
c y c le  t im es in  the  r o l l i n g  machines f a i r l y  c o n s ta n t ,  s in c e  
a lth o u g h 'th e  time standards are  th e  same f o r  a l l  typ es  o f  rim  
t h i s  i s  n o t  tru e  in  th e  a c t u a l  system  and th e  machine c y c le  
t im es  vary co n s id er a b ly  from rim to  r im . T h is  f a c t  i s  r a th e r  
ob v iou s  i f  we c o n s id e r  th e  w e ig h t and s i z e  d i f f e r e n c e  betw een  
a 1 4 .5  in ch -w id e  rim and a 16 .5  in c h  one, and i t  was proved  
through a qu ick  tim e stu d y  on s e v e r a l  l i n e s .  A l l  m achines i n  
th e  l i n e s  r o l l i n g  h e a v ie r  r im s had h ig h e r  c y c le  t im es  than  
th o s e  in  l i n e s  w ith  l i g h t e r  r im s .
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5 .1  INPUT DATA.
The data  req u ifem en ts  have been l i s t e d  in  S e c t io n  4 .6  
o f  Chapter IV. The follow-ring in fo r m a tio n  i s  needed f o r  a 
s im u la t io n  runs
a) c a p a c ity  o f  each chute  in  th e  system  in  terms o f  r im s;
b) frequ en cy  o f  breakdowns, in  terms o f  th e  p r o b a b i l i t y  o f  
a breakdown o ccu r in g  during  th e  p a s s in g  o f  any one rim;
c) a verage  .d u ration  o f  each breakdown w ith  a p lu s  or minus 
range;
d) th e  average c y c le  t im es fo r  a l l  m ach ines, a l s o  w ith  a 
p lu s  or minus range;
e) average  tim e taken by a rim to  move from one machine to  
a n o th er  v ia  the v a r io u s  c h u te s .
As mentioned b e f o r e ,  th e  chute c a p a c i t i e s  were measured 
in  th e  l i n e ,  by f i l l i n g  th e  ch u tes  w ith  rims and record in g  
th e  maximum c a p a c i t i e s .  The freq u en cy  and d u ra t io n  o f  
breakdowns were c a lc u la t e d  from th e  Downtime Records fo r  th a t  
p e r io d  o f  tim e b e in g  s im u la te d .  The c y c le  t im es were o r i g i n a l l y  
measured with a brush rec o rd er  and l a t e r  w ith  an e l e c t r o n i c  
co u n ter  fo r  the  McKay R o l l  w ith  th e  in t e n t i o n  o f  u s in g  e i t h e r  
method f o r  a l l  th e  o th e r  m ach ines. However, upon measuring th e  
same c y c l e s  w ith  a s to p  'watch, i t  was d isc o v e r e d  th a t  th e  s to p  
wa.tch produced more a c c u r a te  r e a d in g s  than th e  o th er  in stru m en ts  
t h e s e  operated  on e l e c t r i c a l  im p u lses  from th e  machine, which 
were n o t  c o n s i s t e n t  w ith  th e  o p e r a t io n  b e in g  performed by th e  
m achines th e m se lv e s .  The chute r o l l i n g  t im es were a l s o  measured 
w ith  a s to p  watch. A l l  th e  data are  g iv en  in  Tables 5 .1  t o  5 . 4 .
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TABLE 5,1  
CHUTE CAPACITIES
Machine Max. number o f  rims
Welder #1 7
Welder #2 30
E lev a to r  Washer #1 22
E lev a to r  Washer #2 7
McKay R o l l  10
R o l l  #1 12
R o l l  #2 7
Expander P ress  3
TABLE 5 .2  
FREQUENCY OF BREAKDOWNS
Machine 
Shear and C o il  
Welder #1 
Welder #2  
E lev a to r  Washers 
McKay R o ll  
R o ll  #1 
R o ll  #2  
Expander P ress
P r o b a b i l i t y  o f  breakdown 
0.000330  
0 . 0 0 0 6 6 7  
0 . 0 0 0 3 3 0  
0 .0 0 0 0 8 0  
0 .000330  
0 .000330  
0 .000330  
0 .000165
£
*  i . e .  th e  p r o b a b i l i t y  o f  a breakdown occu r in g  during  
th e  p r o c e s s in g  o f  any one r im .
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TABLE 5 .3  
DURATION OF BREAKDOWNS
Machine T o ta l  Downtime(min)
Shear and C o i l  
Welder #1 
Welder #2  
E le v a to r  Washers 
McKay R o l l  
R o l l  #1 
R o l l  #2
605
855
^95
60
285
450
535
Tiine/bUovm and range (m in)
3 0 . 2 5  + 10 
2 1 .375  + 10 
2^.75  + 15 
12 .0  + 5 
1 ^ . 2 5  + 10  
2 2 . 5  + 15  
2 6 . 7 5  + 15
TABLE 5 ,.4. 
CYLE TIMES 
CHUTE ROLLING TIMES.
Machine Cycle Time and range  
( m i l l i m i n u t e s )
Chute R ollins: Time 
(m i l l im in u t e s )
Shea.r and C o il 52 + 1
Welder #1 128 + 5 35
Welder #2 137 + 13 120
E le v a to r  Washer #1 90 + 4 100
E le v a to r  Washer #2 90 + 35
McKay R o l l 80 + 10 70
R o l l  #1 75 + 5 *K)
R o l l  #2 76 + 5 35
Expander P ress 70 + 1 30
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5 .2  NET PRODUCTION TIME.
In  order t o  e s t a b l i s h  th e  program runn ing  t im e , i t  was 
n e c e s s a r y  t o  c a lc u la t e  th e  a c tu a l  n e t  p r o d u ctio n  tim e f o r  th e  
l i n e s ,  s in c e  even  though th e  P ro d u c tio n  R ou tin g  o f  P igu re  2 
shows a d e la y  a llo w a n ce  o f  7c/° and a p e r so n a l a llow an ce  o f  
8 $ , th e  a c tu a l  f ig u r e  fo r  p ro d u ctio n  tim e l o s t ,  w ith o u t con ­
s id e r in g  m ajor breakdowns, i s  much h ig h e r . T h is  i s  e x p la in e d  
in  th e  company’ s P ro d u c tio n  S tan d ard s P roced ure sZneet, th e  
p e r t in e n t  s e c t io n s  o f  which w i l l  be summarized in  th e  f o l lo w in g  
'^ s u b s e c t io n s .
1 •" Belays
A l l  th e  d e la y s  en cou n tered  i n  th e  l i n e  a re  c a te g o r iz e d  a s  
f o l lo w s :  ( i )  N o n -c y c lic  D e la y s
( i i )  In h eren t D e la y s
( i i i )  C o rrec ta b le  D e lays
( i v )  P e r so n a l D e la y s
( v )  Major D e la y s
N o n -c y c lic  d e la y s  are  th o se  w hich  a re  p r e d ic ta b le  but 
u n a v o id a b le  su ch  a s  d is p o s in g  o f  a d e f e c t iv e  rim or in s p e c t in g  
a r im . In h eren t d e la y s  are th o se  w hich are  u n p r e d ic ta b le  as  
w e l l  a s  u n a v o id a b le  such a s :  r e c e iv in g  in s t r u c t io n s  from  th e  
forem an, m inor breakdowns ( o f  l e s s  th an  10 m in u te s ) , e t c .
The D elay  A llow ance o f  7/° m entioned  above in c lu d e s  a l l  o f  
th e  in h er en t d e la y s . .
The C o r re c ta b le  d e la y s  are  th o s e  w hich c o u ld  be p rev en ted  
or  a v o id ed  and sh ou ld  th e r e fo r e  n o t happen, such a s  a rim  
g e t t in g  s tu ck  in  th e  m achine, w a it in g  w h ile  th e  machine i s
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o i l e d ,  or th e  o p era to r  "being i d l e  on th e  jo b . These d e la y s
are  n o t a llo w ed  f o r  hut happen n e v e r t h e le s s .
The p e r so n a l d e la y s  are  th o se  d i r e c t ly  con cern in g  th e  
«
o p e r a to r , in c lu d in g  c o f fe e  b rea k s ,.w a sh -u p  p e r io d s , l a t e  
s t a r t s ,  e t c 0 The P e r so n a l A llow ance o f  8 fo c o v e r s  a l l  th e se  
d e la y s .
The major d e la y s  are  a l l  -the m achine breakdowns o f  over  
10 m inutes o f  d u ration *  T h is i s  e s t im a te d  a t  20 $  o f  th e  t im e , 
how ever, no a llow an ce  i s  made in  th e  tim e stan d ard .
2 . -  A ctu a l D elay  F ig u r e s . -
A one-week d e la y  stu d y  conducted  on th e  W elding s t a t io n s  
i n  th e  Rim Department showed th e  fo l lo w in g  t o t a l  d e la y  and 
p ro d u ctio n  tim es  (e x c lu d in g  m ajor breakdow ns):
P ro d u ctio n  Time 1592 .25 m inu tes
R o n -c y c lic  d e la y s 8 3 .4 7 H
In h eren t d e la y s 1 4 1 .03 It
C o rrec ta b le  d e la y s 3 0 .3 0 n
P e r so n a l d e la y s 2 7 2 .3 8 n
T o ta l tim e 2 1 1 9 .4 3 it
1592.25
The p ro d u ctio n  tim e a cco u n ts  f o r  o n ly  - —  -------- x  100 = 75
2119 .45  '
w h ile  -the n o n -c y c l ic  and c o r r e c ta b le  d e la y s  r e p r e se n t  about 5 $  
o f  th e  t o t a l  t im e , th e  in h e r e n t d e la y s  ap p rox im ate ly  7 ?°9 and 
th e  p e r so n a l d e la y s  13 T h is seem s to  in d ic a te  th a t  th e  7 $  
D ela y  A llow ance does co v er  a l l  th e  in h e r e n t  d e la y s , but th e  
8  P e r so n a l A llow ance does n o t , t h i s  b e in g  13 A lso , th e re  
i s  a fu r th e r  5 $> tim e d e lay , n o t accou n ted  f o r ,  d e r iv in g  from  
th e  c o r r e c ta b le  and n o n -c y c l ic  d e la y s .
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3 * -  Program Running Tim e. -
On th e  h a s i s  o f  th e  ahove f i g u r e s ,  th e  runn ing tim e f o r  th e  
computer program r e p r e s e n t in g  one 8 -h ou r s h i f t  is ' .e q u a l':to . 75 
o f  8 h o u rs , or 360 m in u te s . The program was run f o r  17 p e r io d s  
o f  360 m in u tes ea ch , r e p r e s e n t in g  17 days o f  d a y - s h i f t  produc­
t i o n .  Such a .:lon g  run i s  n o t c o n sid er ed  n e c e s s a r y , b u t i t  was 
f e l t  th a t  runn ing  th e  program fo r  an ex ten d ed  p e r io d  o f  tim e  
would p erm it th e  s e t t i n g  o f  a sh o r te r  in t e r v a l  du rin g w hich  
th e  sy&tem a c h ie v e s  a s te a d y  s t a t e ,  to  he a p p lie d  f o r  th e  
s im u la t io n  runs o f  l a t e r  c h a p te r s .
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5 . 3  DISCUSSION OF RESULTS.
The e n t ir e  com puter ou tp u t fo r  th e  s im u la t io n  o f  th e  p r e s ­
e n t  system  i s  in c lu d e d  in  Appendix A. Only some o f  th e  r e s u l t s
are  reproduced  and d is c u s s e d  in  t h i s  s e c t i o n .
The cu m u la tive  and d a i ly  p ro d u ctio n  f ig u r e s  a s  w e l l  a s  
th e  cu m u la tive  a v era g e  p ro d u ctio n  f o r  each  one o f  th e  17 days 
a re  ta b u la te d  in  T able 5 . 5 . I t  can be se en  t h a t  th e  d a i ly  
p r o d u ctio n  f lu c t u a t e s  from a v e r y  low  p r o d u ctio n  o f  1957  rim s 
f o r  th e  th ir d  day t o  a f a i r l y  h ig h  p r o d u ctio n  o f  3834 - rim s in  
th e  f i f t h  d ay . The average  p ro d u ctio n  f o r  th e  17 days i s  o f  
3 0 9 0  r im s , th e  t o t a l  cu m u la tive  p r o d u ctio n  b e in g  52534 r im s.
The cu m u la tive  a v e r a g e s  have been  p lo t t e d  i n  F igu re  18,
These a v era g es  v a ry  from  2588 r im s/d a y  a t  th e  end o f  th e  th ir d  
day to  3097 r im s/d a y  a f t e r  14 d a y s . The o v e r a l l  average  produc­
t i o n  a f t e r  17 days i s  3090 r im s /d a y . A r e l a t i v e l y  s te a d y  
average  p r o d u c tio n , f lu c t u a t in g  betw een 3 0 0 0  and 3 1 0 0  r im s/d a y , 
i s  a c h ie v e d  a f t e r  se v en  d a y s , as can be ob serv ed  from th e  
grap h . However, to  ensu re th a t  a s te a d y  a v era g e  p ro d u ctio n  i s  
reach ed  f o r  ev er y  s im u la t io n  run , a 1 0 -d a y  p e r io d  w i l l  be 
u sed  a s  th e  stan dard  f o r  a l l  th e  programs in  t h i s  p ap er , and 
o n ly  th e  r e s u l t s  a f t e r  10 days o f  s im u la t io n  w i l l  be d is c u sse d  
f o r  th e  s im u la t io n  o f  th e  p r e se n t  sy stem .
1 Ri m C ount. -
The number o f  rim s produced by th e  l i n e  a f t e r  10 days o f  
s im u la t io n  was o f  3 0 , 7 6 4  r im s , or a d a i ly  average  o f  3 , 0 7 6  
r im s . The t o t a l  p ro d u ctio n  f ig u r e  i s  in d ic a te d  by th e  count 
in  b lo c k  number 106, w hich i s  th e  TERMINATE b lo c k  r e p r e s e n t -
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TABLE 5 .5
S IM U L A T IO N  O F  P R E S E N T  S Y S T E M
Day Cum ulative D a ily  Cum ulative
________ P ro d u ctio n  P ro d u ctio n  Average
1 2796 2796 2796
2 5806 3010 2903
3 7763 1957 2588
4 10702 2939 2676
5 14563 3834 2907
6 17314 2788 2886
7 21037 3723 3009
8 24306 3269 3038
9 27211 2905 3023
10 30764 3553 3076
11 33839 3075 3076
12 36623 2784 3052
13 39735 3112 3056
14 43355 3620 3097
15 45960 2605 3064
16 49009 3049 3063
17 ' 52534 3525 3090
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S im u la tio n  o f  P r e se n t  System  -  Graph 
o f  d a i ly  cu m u la tive  a y e . p r o d u ctio n .
in g  th e  e x i t  o f  rim s from th e  departm ent*
The t o t a l  tim e l o s t  due to  breakdowns can be e s t im a te d  fo r  
each  s t a t io n  from  th e  rim cou n t in  th e  r e s p e c t iv e  b lo c k s . T h is  
i s  done in  T able 5 . 6  The t o t a l  p ro d u ctio n  tim e l o s t  du rin g  
t e n  8 -h ou r s h i f t s  i s  1 ,281  m in u te s , e v er  21 h o u rs .
Of th e  30 ,771  rim s th a t  went through th e  W elding s t a t i o n s ,  
1 6 ,156  came from  W elder #  1 and 14 ,615  from W elder #  2 . The 
d if f e r e n c e  i s  a cco u n ted  f o r  by th e  lo n g e r  c y c le  tim e fo r  th e  
l a t t e r  (0 .1 3 7  m in . a s  compared to  0 .1 2 8  m in. f o r  W elder # 1 ) ,  
and was p a r t i a l l y  b a la n ced  by th e  lo n g e r  downtime o f  W elder # 1 0
2 . -  C lock S t a t i s t i c s . -
The R e la t iv e  C lock  tim e shows th a t  th e  program was run f o r  
a s im u la t io n  p e r io d  o f  3 ,6 0 0 ,0 0 0  thou san ds o f  a m in u te , or  
3 ,6 0 0  m in u te s , th e  a c tu a l  w orking tim e f o r  te n  8 - h o u r .s h i f t s .  
The A b so lu te  C lock  tim e in d ic a t e s  3 ,601  m in u tes , and in c lu d e s  
th e  one m inute r e q u ir e d  to  f i l l  th e  l i n e  w ith  r im s .
3 . -  T able S t a t i s t i c s . -
The s t a t i s t i c s  on th e  h o u r ly  rim  p ro d u ctio n  g iv e  in form a­
t i o n  r eg a rd in g  th e  freq u en cy  o f  a r r iv a l  o f  t r a n s a c t io n s .  The 
lo w e s t  h o u r ly  p r o d u ctio n  was o f  l e s s  th an  150 r im s, happening  
tv /ic e  in  th e  te n  day p e r io d . The h ig h e s t  was o f  l e s s  th an  800  
rim s and i t s  fre q u en cy  was s i x .  The average h o u r ly  p r o d u ctio n  
fo r  th e  e n t ir e  p e r io d  was o f  5 1 2 .5  r im s . The graph o f  th e  
freq u en cy  o f  h o u r ly  rim  p r o d u ctio n  i s  reproduced in  f ig u r e  19 . 
4 * -  f a c i l i t y  S t a t i s t i c s . -
The s t a t i s t i c s  on th e  u t i l i z a t i o n  o f  m achines in d ic a te  th e  
average u t i l i z a t i o n  o f  th e  m achines a s  w e l l  a s  th e  number o f
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TABES 5 06
. DOWNTIME PER STATION
S ta t io n  Frequency o f  
Breakdowns
Shear & C o il 8
A ve. d u ra tio n  
o f  h reakdovm. 
(m in u tes)
3 0 .2 5
W elder #  1
W elder #  2
11
E le v .  Wash. #1 0
E le v .  Wash. #2 1
McKay R o ll
R o ll  #  1
R o ll  # 2  11
Expander P r e s s  2
2 1 . 3 8
2 4 .7 5  
1 2 .0 0  
1 2 .0 0  
14*25 
2 2 .5 0
2 6 .7 5  
2 3 .5 0
T o ta ls  55
TOTAL DOWNTIME 
(m in u tes)
242 .
23 5 ,
148.5  
0
1 2 .
99*75
202 .5
294 .25
47.
1281.00
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e n t r ie s  or rim s th a t  have gone through th e  s t a t io n  and th e  
average tim e th e  t r a n s a c t io n s  sp en t a t  th e  s t a t i o n .  The
average u t i l i z a t i o n  o f  each  machine i s  a s  f o l lo w s :
Sheanr and C o il .4 4 4
W elder #  1 .575
W elder #  2 .556
E le v .  Washer #  1 .403
E le v .  Washer #  2 .365
McKay R o l l .684
R o ll  #  1 .6 4 0
R o ll  #  2 .649
Expander P r e s s .598
I t  can  be seen  th a t  th e  McKay R o ll  i s  th e  b u s ie s t  s ta t io n .,  
a lth o u g h  i t s  u t i l i z a t i o n  i s  o n ly  0 .6 8 4 , t h i s  i s  due t o  th e  
la r g e  amount o f  downtime th rough  th e  w hole l i n e .  The f i n i s h  
r o l l s  and th e  Expander P r e s s  were u t i l i z e d  a lm ost a s  much a s  
th e  McKay, but th e  s t a t io n s  a t  th e  b eg in n in g  o f  th e  l i n e  show 
much lo w er  u t i l i z a t i o n  f a c t o r s ,
5 St or age  S t a t i s t i c s . ~
The s t a t i s t i c s  on th e  u t i l i z a t i o n  o f  th e  c h u te s  g iv e s  u s e fu l  
in fo r m a tio n  on th e  average  u t i l i z a t i o n  o f  th e  v a r io u s  c h u te s ,  
th e  average le n g th  o f  th e  q u eu es , and th e  average tim e per  
t r a n s a c t io n -w a it in g  in  th e  queue >( See T able 5 .7 ® )The average  
c o n te n ts  column shows th a t  th e  c h u te s  le a d in g  t o  W elder #  1, 
E le v a to r  Washer §  2 ,  and th e  McKay R o l l ,  were a lm o st f i l l e d  
t o  c a p a c i t i e s  in  th e  average  w ith  u t i l i z a t i o n  f a c t o r s  o f
0 .9 3 6 , 0 .8 0 0 , and 0 .8 3 9 , r e s p e c t i v e l y .  The l a s t  column a ls o
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in d ic a t e s  th a t  rim s sp en t more tim e qu eu ein g  fo r  th e  E le v .  
Washer #  1 (a lm ost 4 m in u tes) th an  fo r  any o th er  m achine. The 
o th e r  E le v a to r  Washer and "both w e ld e rs  a l s o  show a lo n g  
w a it in g  p e r io d 0 Of th e  r o l l s ,  th e  McKay le a d s  w ith  a w a it  o f  
a lm o st one m inu te.
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TABLE 5 .7
STATISTICS ON UTILIZATION OF CHUTES
S t a t io n  A verage A verage A verage Time
_ ________ C on ten ts U t i l i z a t i o n  p er T r a n sa c tio n
(m ill im in u t  e s  J~
W elder #  1 6 .5 5 2 0 .9 3 6 1457 .745
W elder #  2 6 c 623 0 .2 2 0 1630 .062
E le v .  Washer #1 1 7 .2 4 0 .7 8 3 3 8 3 5 .5 2 0
E le v .  Washer #2 5 .6 0 2 0 .8 0 0 1379 .256
McKay R o ll 8 .3 9 4 0 .8 3 9 9 8 1 .9 9 6
R o l l  #  1 3 .3 2 0 0 .2 7 6 3 8 8 .5 3 6
R o l l  #  2 2 .0 6 0 0 .2 9 4 2 4 1 .1 0 6
Expander P r e s s 0 .8 8 9 0 .2 9 6 104 .082
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5 .4  CORRELATION WITH ACTUAL SYSTEM.
The o n ly  c o r r e la t io n  betw een th e  s im u la t io n  model and 
th e  a c tu a l  system  th a t  can he made i s  th e  one r e la t in g  to  
th e  average  d a i ly  p ro d u ctio n  o f  th e  l in e  s in c e  th e r e  i s  no 
in fo r m a tio n  a v a i la b le  from th e  p r e se n t system  on th e  u t i l i ­
z a t io n  o f  m achines and c h u te s .  Table 5 .8  shows th e  produc­
t io n  f ig u r e s  from th e  company reco rd s fo r  th e  p e r io d  o f  
s im u la t io n , March 2 to  March 2 6 . The average d a i ly  p ro d u ctio n  
from th e se  data  i s  2 ,9 3 6  r im s . The s im u la t io n  r e s u l t s  o f  
S e c t io n  5 .3  in d ic a t e  an average p ro d u ctio n  o f  3 ,0 7 6  r im s /d a y .  
T h is r e p r e s e n ts  a d i f f e r e n c e  o f  4 .8  i» betw een th e  two f ig u r e s .
S in ce  th e  d i s t r ib u t io n  o f  th e  d a i ly  p ro d u ctio n  f ig u r e s  
i s  n o rm a l,(S ee  Appendix I ) ,  we can t e s t  th e  h y p o th e s is  th a t  
th e  means o f  th e  two d i s t r ib u t io n s  are  eq u a l (assum ing th a t  
th e  stan dard  d e v ia t io n s  are  unknown and n o t n e c e s s a r i ly  
e q u a l, by u s in g  th e  t '  t e s t .  The c a lc u la t io n s  (Appendix I )  
show th a t  t ’ = 0 .2 2 .  T h is  v a lu e , when compared t o  th e  t<a,v 
from th e  t a b le  o f  p ercen ta g e  p o in ts  o f  th e  t  d i s t r ib u t io n ,  
f o r  ~ 20 d eg rees  o f  freedom , i s  n o t s i g n i f i c a n t  a t  any  
v a lu e  o f  cc . T h er e fo r e , we m ight conclude th a t  th e  model 
d evelop ed  in  C hapter I I I  r e p r e s e n ts  th e  system  under stu d y  
w ith  r e a so n a b le  a c cu ra c y .
ITov; we can p roceed  w ith  th e  second p art o f  t h i s  pap er,
a
c o n s i s t in g  o f  in tr o d u c in g  changes in  th e  l i n e  to  stu d y  and 
e v a lu a te  t h e i r  c o s t  and e f f e c t s .  A l l  s im u la t io n s . in  th e  
fo l lo w in g  c h a p te rs  w i l l  be fo r  t e n  8-hour p e r io d s  and th e  
r e s u l t s  w i l l  be compared to  th o se  o f  t h i s  ch a p ter  r a th e r  th an  
t o  th e  a c tu a l  p r o d u ctio n  f ig u r e s .
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lABiaS 5 * 8
PRODUCTION RECORDS 
Line A.-- March 2 to  March 2 .6 , 1970
March 2 - 8405 rims
t t 3 - 7620 f t
t t 4 - 3301 f t
I t 5 - 80?2 fl
f t 6 - 3163 fl
II 9 - 3275 ff
ff 11 - 2440 II
f t 12 - 7936 f t
f t 13 - 5246 It
II 16 - 2945 11
ff 17 - 3611 If
ff 18 - 4604 ff
If 19 - 8258 I)
f l 20 - 3782 ft
ff 23 - 8217 f t
If 24 - 7240 <i
IS 25 - 9095 ft
II 26 - 8484 i t
:  18 days 105694 rim s
Average D a ily  P rod u ction  (one 8-hour s h if t )  -  105694
36
Average D a ily  P rod u ction  = 2936 rim s
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CHAPTER VI
CHANGES IN THE MECHANICAL DESIC-N OP MACHINES
6 . 1 .SIMPLIC A T IO N  OF T H E  HYDRAULIC S Y S T E M  IN MCKAY ROLL.
1 . -  D e sc r ip t io n  o f  D esign  Change. -
The s im p l i f ic a t io n  o f  th e  h y d r a u lic  system  in  th e  McKay 
R o ll  would c o n s i s t  o f  c o n s tr u c t in g  a s p e c ia l ly  d es ig n ed  
m an ifo ld  fo r  th e  McKay h y d r a u lic  which would en a b le  a l l  th e  
v a lv e s ,  e t c .  to  be mounted and dism ounted sim ply by b o l t in g .
A ls o , i t  would s im p li fy  th e  e x i s t in g  p ip in g  and reduce v ib r a ­
t io n s  .
2 . “ C o st. -
The c o s t  in v o lv e d  In t e a r in g  down th e  a c tu a l s e t -u p  and 
b u ild in g  and i n s t a l l i n g  th e  proposed  h y d r a u lic  sy stem  i s  
e s t im a te d  by th e  E n g in eer in g  Departm ent a t  $ 1 0 ,0 0 0 .
3*~ E xpected  Improvement
To determ ine th e  b e n e f i t  to  be a c h iev e d  by t h i s  s im p l i f ie d  
h y d r a u lic  system  i t  was n e c e s s a r y  to  stu d y  th e  new Downtime 
Records made from th e  181 card s (m entioned  in  C h a p te rIII  ) .
The Downtime Record fo r  th e  McKay R o ll  o f  L ine A fo r  th e  
p e r io d  between A p r il 21 and May 2 1 , 1970 (F igu re  20) shows 
th a t  th e  l in e  was stop p ed  to  r e p a ir  o i l  le a k s  1A tim es f o r  a 
cu m u la tive  tim e d e la y  o f  15 hours and 11 m in u tes . I t  i s  e s t i ­
mated th a t  a t  l e a s t  10 o f  these o i l  le a k s  a cco u n tin g  fo r  about 
10 hours would be e lim in a te d  w ith  th e  proposed h y d r a u lic  sy stem . 
T his would reduce th e  freq u en cy  o f  breakdowns from 5A to  AA 
fo r  an 1 8 .5  % im provem ent. The average d u ra tion  o f  th e  b reak­
downs would rem ain ap p rox im ate ly  th e  same. A pplying t h i s  
p ercen ta g e ' to  th e  d ata  b e in g  used  in  th e  program would b r in g
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S4
DOWNTIME PER 181 FORMS
"A" LINE McICAY -  W 6015 FROM APR. 21 TO MAY 21/70  
(25 DAYS)
•DESCRIPTION NO. OF OCCURRENCES T/TIME
Repair o i l  leak 14 ' 15 .11 h r s .
Repair grease  l i n e s 7 (2 cards no time) .9 .5 3 h r s .
Repair hyd. p ip es 8 6 .03 h r s .
Repair clamp cy l in d e r  ( load er) 8 ( 1  card no time) 8 .19 h r s .
Loose loader 1 1 .0 0 hr.
Repair h yd rau lic  n ip p le 3 2 .06 h r s .
Broken wire 2 .17 min.
Repair chute
*
3 2 .18 h r s .
E le c t r ic  eye 1 1 .0 8 h r s .
Replace s e t  screws 1 3 .30 h r s .
P in  o f f  clamp 1 .30 m in .
R eplace to g g le  arm 1 .30 min.
Repair loader 1 1 .30 h r s .
Bent r a i l 1 .28 min.
P in  in  clamp arm 1 .30 min.
Replace broken b o l t s 1 .30 m in .
Panel box 1 .30 min.
Repair "0" Ring 1 .44 min.
S a f e t y  guards (weld) 1 No Time
54.57 hrs'.
Note: 4 cards -  no d e s c r ip t io n
TOTAL REPAIR TIME. . . 54 .57 HRS.
F ig u re  20 Downtime R ecord s, McKay R o l l .
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th e  freq u en cy  o f  "breakdowns f o r  th e  McKay R o ll  from 0 .000330
(p r o b a b i l i t y  o f  breakdown during th e  r o l l i n g  o f  one rim ) to
0 .000260* The average tim e p er breakdown would rem ain th e  
same a t  14*25 m inutes* The c y c le  tim e a l s o  sta n d s a t  80 
m ill im in u te s ,  a s  b e fo r e .
4 * -  S im u la tio n  R e s u l t s . -
The computer ou tp u t f o r  t h i s  s im u la t io n  run i s  shown in  
Appendix B , The p ro d u ctio n  f ig u r e s  fo r  th e  te n  days o f  th e  
s im u la t io n  are ta b u la te d  in  Table 6 . 1 .  Y/e n o te  th a t  th e  
average  d a i ly  p ro d u ctio n  a f t e r  te n  days i s  3j085 r im s . T h is  
r e p r e s e n ts  o n ly  a 0*3 in c r e a s e  over th e  r e s u l t s  o f  th e  
a c tu a l  system  sim u la tio n ,, much to o  sm a ll to  be s i g n i f i c a n t .  
The reason  fo r  such a sm all d if f e r e n c e  can be a t  l e a s t  
p a r t i a l l y  e x p la in ed  from T able 6 .2 .  The t o t a l  downtime fo r  
a l l  s t a t io n s  i s  1 ,308  m inutes a s  compared to  1,281 m inutes
f o r  th e  p resen t sy stem .
T ab les 6 .3  and 6 .4  show th e  s t a t i s t i c s  f o r  th e  u t i l i s a t i o n  
o f  m achines and ch u tes*  These do n o t d i f f e r  s i g n i f i c a n t ly  
from  th o se  o f  th e  p r e se n t system .
The s t a t i s t i c a l  t e s t  f o r  t h i s  s im u la t io n  i s  done in  
Appendix I I .  T h is shows no s i g n i f i c a n t  d if fe r e n c e  betw een  
th e  two averages a t  any l e v e l  o f  c< .
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TABES .6.1
SIMPLIFICATION OB HYERATJBIC SYSTEM
Bay C um ulative B a i ly  C um ulative
 P ro d u c tio n  P ro d u c tio n  Average
1 2912 2912 2912
2 6058 3146 3029
3 8030 1972 2677
4 10994 2964 2748
5 15017 4023 3003
6 17856 2839 2976
7 21306 3450 3044
8 24877 3571 3110
9 27637 2760 3071
10 30848 3211 3085
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„ ■ TABLE 6 .2
LOWETIME PER STATIOH
S t a t io n  Frequency o f  A ve. D u ration  TOTAL DOWNTIME 
_____________ Breakdov/ns o f  Breakdown (m in u tes)
(raiuiutesT"*™"
Shear and C o il 6 5 0 .2 5  1 8 1 ,5 0
W elder #  1 10 2 1 .5 8  2 1 5 .8 0
W elder # 2  8 2 4 .7 5  198 .00
E le v .  Wash. #1 0 1 2 .0 0  0
E le v .  Wash. #2 1 1 2 .0 0  1 2 .0 0
McKay R o ll  5 14 .25  7 1 .2 5
R o l l  #1 12 2 2 .5 0  2 7 0 .0 0
R o l l  #  2 10 2 6 .7 5  2 6 7 .5 0
Expander P r e s s  4 2 5 .5 0  9 4 .0 0
T o ta ls  56 1508 .05
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11ABLE 6 .3ird^ow 'iiva i a i / ’r k3
UTILIZATION OE MACHINES
Machine U t i l i z a t io n
Shear and C o il 0 .4 4 6
Y/elder #  1 0 .5 8 2
W elder #  2 0 .5 5 2
E le v . Y/ash. #1 0 .4 0 8
E le v .  Yfash. #2 0 .3 6 2
Machine 
McKay R o ll  
R o ll  #  1 
R o ll  #  2
U t i l i z a t io n
0.686  
0 .642  
0.651
Expander P r e s s  0 .5 9 9
TABID 6 .4  
UTILIZATION OE CHUTES
S ta t io n
W elder #  1 
W elder #  2 
E . W. #  1 
E . W. #  2 
McKay R o ll  
R o ll  #  1 
R o ll  #  2 
E xp. P r e s s
Average
C on ten ts
6 .6 2 7  
6 .7 4 7  
17.461  
5 .6 2 3  
8 .481  
3° 605 
2 .0 9 3  
0 .9 3 6
Average
U t i l i z a t i o n
0 .9 4 6
0 .2 2 4
0 .7 9 3
0 .8 0 3
0 .8 4 8  
0 .3 0 0
0 .2 9 9
0 .3 1 2
Average Time 
p er T ra n sa ctio n
1456 .214
1672.350
3837 .635
1394.433
988 .993
420 .506
244 .242
109.269
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6 . 2 . ELIMINATION ON GRAVITY NEED IN MCKAY ROLL.
1 .~  D e s c r ip t io n  o f  D esign  Change. -
The McKay R o ll  h as a system  o f  lo a d in g  by w hich a g a te  
a t  th e  end o f  th e  ch u te  opens and th e  rim  r o l l s  by g r a v it y  
on to  th e  lo a d e r  arm, w ith  a v e r y  f lu c t u a t in g  tim e d e la y .
To e lim in a te  t h i s  problem , a  s h u t t le - t y p e  fe e d  mechanism  
w ith  p o s i t i v e  c o n tr o l and no dependance on g r a v ity  would  
be f a r  su p e r io r  to  th e  a c tu a l  sy stem , a llo w in g  th e  c y c le  
tim e o f  th e  machine to  be s e t  a t  a c o n sta n t sp ee d .
2 . -  C o s t . -
The c o s t  to  b u ild  and i n s t a l l  th e  new lo a d in g  system  
would be about $ 1 0 ,0 0 0 , 2 ,000 o f  which would be sp en t on th e  
lu b r ic a t io n  system  o f  th e  m echanism .
2 . -  E xp ected  Improvement. -
E lim in a tin g  th e  g r a v it y  f e e d  in  th e  McKay R o ll  would  
n ot vary  n e i t h e r  th e  fre q u en cy  nor th e  d u ra tio n  o f  th e  
breakdowns, but i t  would en a b le  th e  c y c le  tim e to  be s e t  
a t  a more c o n sta n t and f a s t e r  sp e e d . A c o n se r v a t iv e  f ig u r e  
would be a c y c le  tim e o f  75 m ill im in u te s  and a v a r ia t io n  
o f  + 5 m il l im in u te s .  The a c tu a l  t im e s  are 8 0 + 1 0  m i l l i -  
m in u te s .
4 . -  S im u la tio n  R e s u l t s . -
The computer output f o r  t h i s  run i s  shown in  Appendix C. 
Table 6 .5  shows th e  p r o d u ctio n  f ig u r e s  fo r  th e  10-day run . 
The average d a i ly  p ro d u ctio n  i s  3»092 r im s, a 0 .5  i° in c r e a se  
over our f i r s t  s im u la t io n . However, th e  s t a t i s t i c a l  t e s t  o f  
A.ppendix I I  shows no s i g n i f i c a n t  d if fe r e n c e  a t  any l e v e l
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o f  ° c . A ga in , th e  t o t a l  downtime i s  g r e a te r  th an  f o r  th e  
s im u la t io n  o f  th e  p r e se n t  system  (by 23 m in u te s ) , and 
th a t  p a r t i a l l y  e x p la in s  th e  rea so n  f o r  such a sm a ll in c r e a s e  
in  p r o d u ctio n .
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TABLE .6 ,5
ELIMINATION OE GRAVITY BEEP IN MCKAY ROLL
Lay Cum ulative L a i ly  Cum ulative
 ___  P ro d u ctio n  P ro d u ctio n  Average
1 3149 3149 3149
2 7107 3958 3554
3 11260 4153 3753
4 13555 2295 3389
5 17023 3468 3405
6 19780 2757 3297
7 22396 2616 3199
8 25284 2888 3160
9 28062 2778 3118
10 30924 2862 3092
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TABLE 6 .6
' ' DOWNTIME pe r  statio n
S t a t io n  F r e q u e n c y  o f A ve. D u ration  TOTAL DOWNTIME
______   Breakdovms o f  Breakdown (m in u tes)
(m in u te s)
Shear and C o il 4 3 0 .2 5 1 2 1 .0 0
W elder #  1 12 ro 9 00 2 5 6 .5 6
W elder #  2 4 2 4 .7 5 9 9 .0 0
E le v . Wash. #  1 4 • 1 2 .0 0 4 8 .0 0
E le v .  Wash. #  2 2 1 2 .0 0 2 4 .0 0
McKay R o ll 13 14 .25 185 .25
R o ll  #  1 9 2 2 .5 0 2 0 2 .5 0
R o ll  #  2 12 2 6 .7 5 5 2 1 .0 0
Expander P r e ss 2 2 3 .5 0 4 7 .0 0
T o ta ls 62 1304.31
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TABLE 6 .7
UTILIZATION OF MACHINES 
Machine U t i l i z a t i o n  Machine U t i l i z a t io n  
Shear & C o il  0 .4 4 7  McKay R o ll  0 .6 4 4
W elder #  1 0 .5 6 6  R o ll  #  1 0 .6 4 4
W elder #  2 0 .571  R o ll  #  2 0 .6 5 2
E le v .  Wash. #1 0 .5 9 8  Expander P r e s s  0 .601
E le v .  Wash. #2 0 .5 7 5
TABLE 6 .8  
UTILIZATION OP CHUTES
S ta t io n Average
C on ten ts
Average
U t i l i z a t i o n
Average Time 
per T ra n sa c tio n
W elder #  1 6 .6 7 7 0 .9 5 3 1507.155
W elder #  2 6 .5 9 9 0 .2 1 9 1580 .064
E le v .  Wash. 17 .643 0 .801 3983 .388
E le v .  Wash.
CM 5 .6 2 3 0 .8 0 3 1346.739
McKay R o ll 8 .4 7 7 0 .847 9 8 6 .0 9 4
R o l l  #  1 6 .6 4 7 0 .5 5 3 7 7 3 .4 5 4
R o ll  #  2 4.521 0 .6 1 7 503 .022
Expander P r e ss 0 .8 9 4 0 .9 9 8 104 .139
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6 .3 .  NEW DIP TANK.
1 , -  D e sc r ip t io n  o f  D esign  Change. -
The su g g ested  Dip Tank would r e p la c e  th e  a c tu a l  E lev a to r  
Washers and would f u l f i l l  th r e e  n e c e ssa r y  fu n c t io n s .  F i r s t ,  
i t  would combine th e  f lo w  o f  bands from two so u rces  in to  one 
e x i t  ch u te j th en , i t  would be submerged in  r o l l i n g  compound, 
and f i n a l l y ,  i t  would be e le v a te d  to  p rov id e  ample s lo p e  in  
th e  ch u te  p r io r  to  th e  lo a d in g  mechanism o f  th e  McKay R o l l .
Three components are  combined to  conform th e  above f e a t u r e s .  
The rim m erger' c o n s i s t s  o f  two escapem ents which s to p  , and 
r e le a s e  r im s , a l t e r n a t iv e ly  w h ile  h o ld in g  back th e  s to c k  o f  
rim s b eh in d .T h is  u n it  d e p o s it s  th e  r im s, s in g ly ,  in to  a tank  
o f  rim r o l l i n g  compound. From here th ey  are  e le v a te d  by an 
e le v a t o r ,  which issubm erged in to  th e  en tra n ce  chute to  th e  
McKay. A sk etch  o f  t h i s  p ro p o sa l i s  g iv en  in  F igu re 21«,
2 . Cos t . ”
The c o s t  o f  removing th e  E le v a to r  Washers and b u ild in g  and 
i n s t a l l i n g  th e  new Dip Tank would amount to  $ 5 j8 00 , i f  as  
much o f th e  work as p o s s ib le  i s  done u s in g  a v a i la b le  la b o u r , 
a t  th e  p la n t .
3o~ Expected Improvement. -
Upon r e p la c in g  th e  e x i s t in g  E lev a to r  Washers w ith  th e  new 
Dip Tank, a l l  th e  s t a t i s t i c s  and tim e d e la y s  a s s o c ia te d  w ith  
th e  form er would be e lim in a te d . T h is , o f  c o u r se , in c lu d e s  the  
breakdowns o f  the E le v a to r  Washers as w e ll  a s  th e  o p e r a tio n  
i t s e l f .  S in ce  the proposed Dip Tank c o n s i s t s  o f  sim p le  
com ponents, th e  ex p ected  downtime would be very  sm a ll .
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4*~ S im u la t io n  Re s u i t s . -
The computer otuput i s  shown i n  Appendix D. The v a r io u s  
s t a t i s t i c s  com piled are  g iv e n  i n  T ab les  6 .9  t o  6 .1 2 .  The 
average  d a i l y  p r o d u ct io n  i s  2 ,9 5 0  r im s, 4 i* l e s s  than th e  
s im u la t io n  o f  th e  p r e s e n t  sy s tem . The s t a t i s t i c a l  t e s t  o f  
Appendix I I  shows no s i g n i f i c a n t  d i f f e r e n c e  a t  th e  oc = 0 .2  
l e v e l .  The most p o s s i b l e  r ea so n  f o r  t h i s  d ecrea se  i s  th e  
in c r e a s e  o f  a lm ost 100 m inu tes i n  th e  t o t a l  downtime over  
th e  s im u la t io n  r e s u l t s  o f  th e  p r e se n t  sy s tem .
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SABLE .6.9  
HEW DIP SAM
Day Cumulative  
P ro d u c t io n
1
2
3
4
5
6
7
8 
9
10
2887
5621
9029
11398
14472
18313
20994
23580
26528
29503
D a i ly
P ro d u ct io n
2887
2734
3408
2369
3074
3841
2681
2586
2948
2975
Cumulative
Average
2887
2810
3010
2850
2894
3052
2999
2948
2948
2950
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TABLE 6*10
DOWNTIME PER STATION
S t a t i o n F requency  Ave. D uration  TOTAL DOWNTIME 
Breakdowns o f  Breakdown (m in u te s )  ■
[m inutes)
Shear and C o il  
Welder #  1 
Welder #  2 
McKay R o l l  
R o l l  #  1 
R o l l  #  2 
Expander P r e s s
13
13
4
13
9
9
3 0 .2 5  
2 1 .5 8
24 .7 5
14 .25  
22.50
2 6 .7 5  
2 3 .5 0
T o t a ls  64
3 9 3 .2 5  
2 7 7 .9 4
9 9 .0 0
1 8 5 .2 5  
2 0 2 .5 0  
2 4 0 .7 5
7 0 .5 0
13 7 9 .1 9
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TABLE 6 0 11 
"UTILIZATION OE MACHINES
Machine U t i l i z a t i o n
Shear and C o i l 0 .4 2 5
W elder #  1 0 . 6 5 8
Welder # 2 0 .4 1 7
McKay R o l l 0 .6 5 5
R o l l  #  1 0 .6 1 4
R o l l  #  2 0 .6 2 2
Expander P r e s s 0 .5 7 3
TABLE 6 . 1 2
UTILIZATION OP CHUTES
S t a t i o n  Average  
C ontents
Average
U t i l i z a t i o n
Average Time 
p e r  T ra n sa c t io n
Welder #  1 6 .21 3 0 .8 8 7 1207 .759
Welder #  2 6 .4 1 3 0 .2 1 5 2 1 0 3 .9 8 4
Rim Merger #  1 11 .202 0 .5 0 9 2177 .333
Rim Merger #  2 5 .3 8 7 0 .7 6 9 1767 .385
McKay R o l l  8 .1 5 0 0 .8 1 5 99 4 .667
R o l l  #  1 2 .9 8 2 0 . 2 4 8 3 6 4 .00 5
R o l l  #  2 1 .871 0 . 2 6 7 2 2 8 .3 2 4
Expander P r e s s  0 .8 8 6 0 .2 9 5 108 .204
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6 . 4 .  MAGNETIC LOADER FOR THE MCKAY ROLL.
!•** D e sc r ip t io n  o f  D esign  Change. -
The a c tu a l  lo a d in g  mechanism in  the  McKay R o l l  c o n s i s t s  
o f  a m echanical arm which clamps th e  rim a s  i t  f a l l s  by g r a v ity  
from th e  ch u te . Then i t  r a i s e s  th e  rim and p la c e s  i t  in  between  
th e  r o l l s  r e l e a s in g  i t  a s  soon a s  th e  r o l l s  move in  c lo s e  
enough to  ho ld  th e  rim in  p la c e  fo r  th e  r o l l i n g  o p e r a t io n .
The m agnetic arm on th e  o th e r  hand would e l im in a te  th e  d e lay  
caused by th e  m echan ica l arm in  clamping th e  rim and would 
c o n s i s t  o f  an arched b a s e ,  e l e c t r i c a l l y  m agnetized , which would 
se c u r e  the rim th e  moment i t  h i t s  th e  arm.
2 . -  C o s t . -
To change the  a c t u a l  m echan ica l lo a d e r s  and r e p la c e  them 
w ith  magnetic arms would c o s t  about $ 2 ,0 0 0  per McKay R o l l .
3 . -  Expected Improvement. -
I t  i s  e s t im a ted  th a t  the tim e - taken f o r  th e  m echanica l  
lo a d e r  to  clamp the  rim w i l l  be e l im in a te d ,  causin g  a tim e  
sa v in g  o f  approxim ately  0 .0 0 5  m in u tes ,  and t h a t ,  because  o f  
i t s  l i g h t e r  w eight th e  tim e o f  l i f t i n g  th e  rim to  the  r o l l s  
can be d ecreased  by anoth er  0 . 0 0 5  m in u tes ,  making a t o t a l  
tim e sa v in g  in  th e  c y c l e  t im e o f  th e  machine o f  0 ,0 1 0  m in u tes ,
A lso ,  most o f  th e  down tim e in  th e  lo a d in g  mechanism w i l l  
be e lim in a ted  w ith  th e  i n s t a l l a t i o n  o f  a m agnetic  arm.. In the  
Downtime Record o f  F ig u re  19, th e  fo l lo w in g  breakdowns are  
f e l t  would be e l im in a te d  w ith  th e  new lo a d in g  system :
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R e p a i r  c l a m p  c y l i n d e r  
L o o s e  l o a d e r
R e p l a c e  t o g g l e  a r m  
B e n t  R a i l
R eplace s e t  screw s P in  in  clamp arm
P in o f f  clamp R eplace  broken b o l t s
These breakdowns accou n t f o r  14 d e l a y s  amounting to  a t o t a l  
p ro d u ct io n  tim e l o s t  o f  15 hours and 17 m in u te s .  The p e r c e n ta g e  
r e d u c t io n s  would equal 2 .5  % in  th e  average  d u ra tio n  o f  th e  
breakdowns and 26 % in  th e  freq u en cy  o f  th e  same. Thus, th e  
f i g u r e s  in  th e  program o f  Chapter V would change f o r  th e  
- "kcKay R o l l  as fo llo*w s:
Average breakdown tim e -  from 1 4 .2 5  m inutes to  13*89 m inutes/bdown  
C ycle  Time -  from 80 m i l l im in u t e s  to  70 m i l l im in u te s  
Frequency o f  breakdowns ( p r o b a b i l i t y  o f  machine f a i l u r e  fo r  
one rim) -  from 0 .000330  to  0 .0 0 0 2 4 0 .
4 . -  S im u la t io n  R e s u l t s . -
The e n t i r e  program and o u tp u t i s  shown i n  Appendix E . The 
s t a t i s t i c s  a re  on T ab les  6 .1 3  t o  6 .1 6 .  The average d a i l y  
p r o d u c t io n  i s  3 j0$8  r im s , a s l i g h t  0 .7  i° in c r e a s e  over  
th e  average  from th e  s im u la t io n  o f  th e  p r e se n t  system , in  
s p i t e  o f  th e  f a c t  t h a t  th e  t o t a l  downtime f o r  th e  former  
i s  112 m inutes l a r g e r  than t h a t  f o r  th e  p r e se n t  sy stem .
Thus, a lth o u g h  th e  s t a t i s t i c a l  t e s t  o f  Appendix I I  shows 
no s i g n i f i c a n t  d i f f e r e n c e  betw een  th e  two a v e r a g e s ,  t h i s  
m echan ica l change i s ,  so f a r ,  th e  b e s t  among th e  fo u r  
s t u d ie d  up t o  t h i s  p o in t .
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TABLE 6 . 1 3
MAGNETIC LOADER FOR MCKAY ROLL
L a y  C u m u l a t i v e  L a i l y  C u m u l a t i v e
_ ___  P r o d u c t i o n  P r o d u c t i o n  A v e r a g e
1 2849 2849 2849
2 5587 2758 2794
5 9297 5710 3099
4 12555 5056 5088
5 14784 2451 2957
6 18291 5507 5048
7 21455 5142 5062
8 24636 5203 3080
9 27942 3506 5105
10 50985 3045 3098
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TABLE 6 . 1 4
D O W N T IM E  P E R  S T A T I O N
S t a t i o n  F r e q u e n c y  o f  A v e .  D u r a t i o n  T O T A L  D O W N TIM E
________   B r e a k d o w n s  o f  B r e a k d o w n __________ ( m i n u t e s )
( m i n u t e s )
Shear and C o il 10 30 .2 5 3 0 2 .5 0
Welder #  1 15 2 1 .3 8 2 7 7 .9 4
Welder #  2 4 2 4 .7 5 9 9 .0 0
E l e v .  Wash. #  1 2 12 .0 0 2 4 .0 0
E le v .  Wash. #  2 2 12 .00 2 4 .0 0
McKay R o l l 7 13 .89 97 .2 5
R o l l  #  1 15 2 2 .5 0 3 3 7 .5 0
R o l l  #  2 6 2 6 .7 5 1 6 0 .50
Expander P r e s s 3 2 3 .5 0 7 0 .5 0
T o ta ls 62 1393.17
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TABLE 6015
*
UTILIZATION OP MACHINES
Machine U t i l i z a t i o n Machine U t i l i z a t i o n
Shear and C o il 0 .4 4 8 McKay R o l l 0 .6 0 2
Welder #  1 0 .5 6 9 R o l l  #  1 0 .64 5
Welder #  2 0 .5 7 0 R o l l  #  2 0 .6 5 4
E le v .  Wash.#1 0 .4 0 0 Expander P r e s s  0 .6 0 2
E le v .  Wash.#2 0 .5 7 4
TABLE
UTILIZATION
6 .1 6
OP CHUTES
S t a t i o n  Average  
C ontents
Average
U t i l i z a t i o n
Average Tim* 
n er  TransacJ
Welder #  1 6.351 0 .9 0 7 1426 .240
Welder #  2 6 .3 4 9 0.211 1 5 22 .1 94
E le v .  Wash. #1 1 6 .124 0 .73 2 362 1 .77 7
E le v .  Wash. #2 5 .1 5 3 0 .7 3 3 1231 .235
McKay R o l l 8 .0 3 4 0 .8 0 3 932 .715
R o l l  #  1 9 .09 5 0 .757 1056 .065
R o l l  #  2 3 .911 0 .5 5 8 4 5 4 .312
Expander P r e s s 0 .9 1 4 0 .9 9 8 106.193
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6 .5 .  COMBINED CHANGES.
S e v e r a l  com binations o f  th e  v a r io u s  d e s ig n  changes mentioned  
in . p rev io u s  s e c t i o n s  o f  t h i s  ch ap ter  can be s im u la te d .  However, 
m erely  as an example , a l l  o f  th e s e  changes have been combined 
in t o  one program to  ob serv e  t h e i r  combined e f f e c t  in  th e  
p r o d u c t iv i t y  o f  the  l i n e .
Upon combining th e  in d iv id u a l  ex p ected  improvements o f  th e  
v a r io u s  chan ges , th e  ex p ected  o v e r a l l  e f f e c t  can be summarized 
as f o l l o w s :
th e  c y c le  tim e would be reduced from 80 to  approx im ate ly  68
m i l l im in u t e s ,  w ith  a \  v a r ia t i o n  o f  + 7 m i l l im in u t e s ;
th e  frequency  o f  breakdowns would d e c r e a se  from a p r o b a b i l i t y
o f  f a i l u r e  fo r  one rim o f  0 .0 0 0 3 3 0  to 0 .000185* end
th e  average d u ra tio n  o f  breakdotvns would change from lh .2 5
m inutes to  13 .78  m inutes/breakdow n.
A lso ,  th e  E le v a to r  Washers would be e l im in a te d  a lo n g  w ith  
th e  s t a t i s t i c s  on breakdowns f o r  th a t  s t a t i o n  a s  w e l l  as th e  
o p e r a t io n  i t s e l f .
1 • -  S im u la tion  R e s u l t s . -
The program and outp ut a re  in c lu d e d  in  Appendix B, and 
th e '  s t a t i s t i c s  are l i s t e d  oh T ab les  6 .1 7  to  6 .2 0  The 
av era g e  d a i l y  p ro d u ctio n  from t h i s  run i s  equal t o  3 ,2 9 4  
r im s , a 7 1° in c r e a s e  over  th e  f ig u r e  from th e  p r e sen t  system  
.s im u la t io n . The s t a t i s t i c a l  t e s t  o f  Appendix I I  shows a 
s i g n i f i c a n t  d i f f e r e n c e  betw een  th e  two means a t  th e  o r = 0.20  
l e v e l ,  even though th e  amount o f  downtime f o r  t h i s  run was 
122 m inutes l a r g e r  than th e  t o t a l  downtime f o r  th e  f i r s t
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TAPIS 6 ».1.7.
COMBINED CHANGES
Day Cumulative D a i ly  Cumulative
P ro d u c t io n  P ro d u c t io n  Average
1 2946 2946 2946
2 6092 3146 3046
3 8933 2841 2978
4 12894 3961 3224
5 16912 4018 3382
6 19565 2653 3261
7 22654 3089 3236
8 26351 3697 3294
9 29641 3290 3293
10 32940 3299 3294
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TABLE 6 , 1 8
DOWNTIME PER STATION
S t a t i o n  Frequency o f  
Break dovms
Shear and C o i l  12
Welder # 1  11
Welder # 2  8
McKay R o l l  4
R o l l  #  1 4
R o l l  ,f 2 12
Expander P r e s s  6
T o ta ls  57
A re. D u ration  TOTAL DOWNTIME
o f  Breakdown (m in u tes)
(m iuutesl
50 .2 5
2 1 .3 8
24 .7 5  
13 .78  
22.50
2 6 .7 5  
2 3 .5 0
3 6 3 .0 0  
2 3 5 .1 8
1 9 8 .0 0  
55 .1 2  
90.00
3 2 1 .0 0
1 4 1 .0 0
1403 .30
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TABLE 6»IQ
UTILIZATION OB MACHINES 
Machine U t i l i z a t i o n  Machine U t i l i z a t i o n
Shear & C o i l 0*475 R o l l  #  1 0 .6 8 6
Welder #  1 0*700 R o l l  #  2 0 .69 5
Welder #  2 0 .5 0 5 Exp* P r e s s 0 .6 4 0
McKay R o l l 0 .6 22
TABLE 6 
UTILIZATION
.2 0
OP CHUTES
S t a t i o n Average
C on ten ts
Average
U t i l i z a t i o n
Average' .Time 
per  T ra n sa c tio n
Welder #  1 6 .219 0 .8 8 8 1136.957
Welder #  2 6 .642 0 .2 21 1086.316
Rim Merger #  1 9 .5 19 0 .4 3 2 1740o137
Rim Merger #  2 4 .999 0 .7 1 4 1359.523
McKay R o l l 7 .8 2 6 0 .7 9 2 855 .592
R o l l  #  1 9 .3 7 9 0 .781 1025.214
R o l l  #  2 4.801 0 .6 8 5 5 2 4 .8 34
Expander P r e s s 1 .019 0 .3 3 9 111.397
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s im u la t io n .  T his i n d i c a t e s ,  a s  e x p e c ted , th a t  th e  s im u la t io n  
o f  a l l  th e  m echanical d e s ig n  changes combined r e s u l t s  i n ' a  
la r g e r  in c r e a se  i n  p ro d u ction  than any one o f  th e  changes  
s i n g l y .
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6 .6 .  EVALUATION OP DESIGN CHANGES.
A lthough th e  in c r e a s e  i n  p ro d u ctio n  shown by th e  simu­
l a t i o n  runs o f  S e c t io n s  6 .1 ,  6 . 2 ,  and 6 .3  i s  n o t  s t a t i s t i -
*
c a l l y  s i g n i f i c a n t ,  i t  i s  assumed o th e r w ise  i n  t h i s  s e c t i o n  
i n  order  t o  compare th e  p r o f i t a b i l i t y  o f  th e  v a r io u s  changes  
s t u d ie d .
1 . -  Cost C a l c u l a t io n s . -
To c a l c u l a t e  th e  t o t a l  c a sh  f lo w  , he i t  i n  th e  form o f  
a p r o f i t  or a l o s s ,  d e r iv i n g  from i n v e s t i n g  on any one o f  
th e  proposed m echan ica l d e s ig n  changes m entioned i n  p r e v io u s  
s e c t i o n s ,  th e  f o i lo w in g  form ula  was u s e d : ^
CP = -D 0 (CAP ±io 10) + R.j (CAP i $  9 )  + R2 (CAF ijb  8)
+ R5 (CAP ifo  7 )  + R4 (CAF i c/  6 )  + R5 (CAF ifo  5 )
+ R6 (CAF i$S 4) + Ry (CAP i i*  3 )  + Rg(CAP if* 2 )
+ r 9 (cap  ifo  1) + r 10
w here: Dq = I n i t i a l  in v e s tm en t  (C ost o f  c h a n g e ) ,
CAP = Compound-Amount f a c t o r  -  (•} + i ) n 
i fo = i n t e r e s t  r a t e  = 7 ,
10, 9> 8 , . . , , 1  = y e a r s  th a t  th e  r e s p e c t i v e  in v e s tm e n ts
and r e c e i p t s  w i l l  be earn in g  i n t e r e s t ,
Rj iq = Y e a r ly  r e c e i p t s  from in v e s tm e n t .
To determ ine  th e  amount o f  th e  y e a r ly  r e c e i p t s  from each
in v e s tm e n t ,  th e  e x p e c ted  i n c r e a s e  i n  r im  p r o d u ct io n  f o r  one
7 De Garmo, E. P . E n g in eer in g  Economy, 4 th  e d . The 
M acmillan Company, Rev; York, N .Y. 136?. Ch. 10.
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year  was c a lc u la t e d  by assum ing a 50-week y ea r  o f  t e n  8-hour  
s h i f t s  each® T h is  amount was th en  m u l t ip l i e d  by 10 c e n t s ,  
th e  e s t im a te d  p r p f i t  shared by th e  rim  i n  a s i n g l e  f i n i s h e d  
w h e e l . The y e a r ly  r e c e i p t s  a re  extended  over a p e r io d  o f  
t e n  y e a r s  which i s  th e  e x p e c te d  l i f e  o f  th e  equipment and 
m achines in v o lv e d .
The e f f e c t  o f  income t a x e s  has n o t  been c o n s id e r e d  h e r e ,  
and i t  i s  assumed t h a t  m aintenance c o s t s  w i l l  rem ain th e  
same a f t e r  th e  im p lem en ta tio n  o f  th e  d i f f e r e n t  c h a n g e s ,  
and a l s o  t h a t  th e  scrap  v a lu e  o f  th e  equipment and machinery  
a f t e r  t e n  y e a r s  w i l l  be n e g l i g i b l e .
A sample c a l c u l a t i o n  f o r  th e  t o t a l  c a sh  f lo w  i s  shown i n  
Appendix I I I .  Table 6 .21  summarizes a l l  th e  r e s u l t s .
2 . -  P r o f i t a b i l i t y  o f  S tu d ied  Changes. -
Table 6 .21  shows t h a t ,  a lth o u gh  th e  Combined Changes 
r e q u ir e  th e  l a r g e s t  in v e s tm e n t  ($  2 7 ,8 0 0 ) ,  i t  y i e l d s  th e  
b e s t  p r o f i t  a f t e r  t e n  y e a r s  (S 9 5 ,9 1 1 * 6 9 )•  M agnetic  
lo a d e r  f o r  th e  McKay R o l l ,  on th e  o th er  hand, r e q u ir e s  an 
i n i t i a l  in v estm en t o f  o n ly  $ 2 ,0 0 0  and r e s u l t s  i n  a  p r o f i t
o f  $ 1 1 ,2 6 3 .7 5  a t  th e  end o f  t e n  y e a r s .
The im p lem en ta tion  o f  th e  S im p l i f i e d  H yd rau lic  System
or  th e  E l im in a t io n  o f  th e  G rav ity  fe e d  fo r  th e  McKay R o l l
would r e s u l t  i n  l o s s e s  o f  $ 13 ,454*58  and $ 8 ,6 1 8 .8 0 ,  
r e s p e c t i v e l y .
C a lc u la t io n s  f o r  th e  i n s t a l l a t i o n  o f  a  New Dip Tank cou ld  
n o t  be made s in c e  th e  r e s u l t s  o f  th e  s im u la t io n  run in d ic a t e d  
a d e c r e a se  i n  p r o d u c t io n .
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TABLE 6 . 2 1
COMPARISON OP DESIGN CHANGES
D esig n I n i t i a l A ctu a l  Cost In c r e a s e  i n  P rod u ction ' T o ta l Cash*.
Change In vestm en t (end o f  |0  y r s ) One day One year R e c e ip t s  
(10 y r s )
Plow"
S im p l i f i e d  
H ydraulic  
S y s t .  McKay
$ 10 ,000 $ 1 9 ,6 7 2 .5 8 18 rims 4500 r im s $ *6,217.42 - $ 1 3 ,4 5 4 .5 8
E l im in a t io n  
G ravity  Peed 
McKay R o l l
$ 10 ,000  
“■
$ 1 9 ,6 7 2 .5 8 32 rim s 8000 rim s $ 1 1 ,0 5 3 .2 0 - $  8 ,6 1 8 .8 0
New Dip Tank $ 5 ,8 0 0 $ 1 1 ,4 0 9 .7 6 ------ ------ ------ ------
M agnetic  
Loader fo r  
McKay R o l l
$ 2 ,0 0 0 $ 3 ,9 3 4 .4 0 44 rim s 11000 r im s $ 1 5 ,1 9 8 .1 5 +$.11,263.75
Combined
Changes $ 2 7 ,8 0 0 $ 5 4 ,6 8 8 .1 6 436 rim s 1 0 9 0 0 0  rim s $ 1 5 0 ,5 9 9 .8 5 + $ 9 5 ,9 1 1 .6 9
a
-  = l o s s  
+ = p r o f i t
CHAPTER VII 
MACHINE REPLACEMENT STUDY
Although, th e  i tem s  d i s c u s s e d  ;in t h i s  'Chapter 'do n o t ■ makc- 
u se  o f  th e  s im u la t io n  model d ev e lop ed  In Chapter I I I ,  and 
do n o t  have a d i r e c t  h e a r in g  on th e  paper I t s e l f ,  th e y  have been  
I n s e r t e d  in  t h i s  ch ap ter  to  make th e  work com plete  and a l s o  
as a  c o n tr ib u t io n  to  th e  company.
7 . 1 .  AUTOMATIC WELDER.
. 4 . -  D e s c r ip t io n  o f  M achine. -
The autom atic  w e ld e rs  would p rov id e  fo r  th e  rims t o  be loaded  
a u t o m a t ic a l ly  on th e  N e ld e r s , by f i r s t  clam ping and l i f t i n g  
th e  band from th e  chute  and then  p la c in g  i t  In to  th e  w e ld in g  
machine and w eld in g  th e  r im . The a c tu a l  s e t - u p  c o n s i s t s  o f  
a man perform ing t h e s e  t a s k s  m anually .
2 . -  C o s t . -
The c o s t  o f  r e p la c in g  one o f  th e  a c tu a l  manual w e ld e r s  by an 
au to m a tic  w elder would amount to  about $ 58*000* The e x p e c ted  
l i f e  o f  th e  new machine i s  10 y e a r s .
3 . ~ Expected Improvement»-
With th e  la b o r  c o s t s  f o r  t h i s  o p e r a t io n  amounting to  
app rox im ate ly  § 1 8 ,00 0  a y e a r  (§  A .30 an hour, 80 hours a 
week fo r  52 w e ek s) ,  th e  a u tom atic  w elder  would pay i t s e l f  
in  a l i t t l e  over th r e e  y e a r s  and a n e t  p r o f i t  o f  |> 12 2 ,00 0  
co u ld  be exp ected  a t  th e  end o f  th e  l i f e  o f  th e  m achine,
; w ith ou t c o n s id e r in g  th e  scra p  v a lu e  o f  the w elder  a t  t h a t  
t im e .  I t  must be m en tioned , how ever, th a t  th e  m aintenance  
c o s t s  would probably in c r e a s e  w ith  th e  au tom atic  w e ld e r ,  and
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th a t  some union problems m ight a r i s e  from r e p la c in g  th e  manual 
l a b o r ,  and p o s s i b l y ,  a r e l o c a t i o n  o f  th e  men m ight be n e c e s ­
s a r y ,  in  which case  the  s a v in g s  would be red uced .
7 . 2 .  NEW McKAY ROLL.
1 . -  D e s c r ip t io n  o f  Machine. -
The new machine would be s i m i la r  to  th e  ones b e in g  used  
a t  p r e s e n t .
2 . -  C o s t . -
The c o s t  o f  a new McKay R o l l  would be equal to  $ 1 6 5 ,0 0 0 ,  
w ith  a 10 -year  l i f e  e x p e c ta n c y .
3 . -  Expected Improvement. -
The o n ly  advantage o f  a c q u ir in g  a new McKay R o l l  would be 
th e  r e d u c t io n  o f  downtime and m aintenance as compared to  th e  
f a i r l y  o ld ,  r e b u i l t  machines now b e in g  u se d .  The e x a c t  tim e  
t h a t  would be saved  by t h i s  in v estm en t can n ot be c a lc u l a t e d ,  
but i t  i s  d o u b tfu l  th a t  i t  would be enough to  warrant such  
a c o s t l y  in v e s tm e n t .
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CHAPTER V III  
OTHER SIMULATION RUNS
Some m isc e l la n eo u s  s im u la t io n  runs have been grouped in  
t h i s  chapter fo r  -the .purpose  o f  i l l u s t r a t i n g  the  a p p l ic a t io n s  
o f  the  model o f  Chapter IV, w ith  and w ith ou t s l i g h t  changes,  
and i t s  accuracy when used  to  s im u la te  o th e r  sy s tem s .
8 . 1 .  SIMULATION OF ANOTHER RIM LINE.
1 . -  D e sc r ip t io n  o f  S im u la ted  S ystem . -»
I t  has been shown th a t  th e  model d evelop ed  worked fo r  the  
s t a t i s t i c s  compiled f o r  one o f  th e  rim l i n e s  in  th e  f a c t o r y .  
This s im u la t io n  was c a r r ie d  out to  check i f  the  model would 
a l s o  work fo r  anoth er  l i n e  o f  s im i la r  c h a r a c t e r i s t i c s  w ith  
i t s  own s t a t i s t i c a l  d a ta .  For t h i s  pu rp ose , Line D was chosen,  
and th e  n ecessa ry  data  was c o l l e c t e d  fo r  th e  s im u la t io n  run.
2 . -  Input D ata . -
The chute c a p a c i t i e s  and Chute r o l l i n g  tim es remain  
unchanged from the  p r e v io u s  run o f  Chapter V . The c y c le  
t im es fo r  the  v a r io u s  machines are  l i s t e d  in  Table 8 . 1 .  The 
frequency  o f  breakdowns a s  e s t im a te d  from the  d ata  o b ta in ed  
a r e  g iv en  in  T a b le s .2 .  and th e  a v e r a g e .d u r a t io n  o f  the  
breakdowns fo r  each s t a t i o n  I s  ta b u la te d  in  Table 8 . 3 .
3 . -  S im u la tion  R e s u l t s . -
The e n t ir e  output o b ta in ed  from th e  s im u la t io n  run i s  
g iv en  in  Appendix G, At t h i s  p o in t  we a re  on ly  in t e r e s t e d  in  
th e  c o r r e la t io n  w ith  th e  a c t u a l  system  r a th er  than th e  o ther  
s t a t i s t i c a l  o u tp u t .  The s im u la t io n  y i e l d s  an average d a i ly  
prod u ction  o f  .3428 r im s , w h ile  th e  p rod u ction  record s fo r  
th e  same per iod  as com piled  In Table 8 .5 .sh ow  an average
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o f  3617 r im s/day* T h is  r e p r e s e n t s  a d i f f e r e n c e  o f  about  
5*2 The s t a t i s t i c a l  t e s t  o f  Appendix I I  shows no 
s i g n i f i c a n t  d i f f e r e n c e  betw een th e  two a v era g es  a t  any  
l e v e l  o f  ^ .
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TABLE 8 ,1
AVERAGE CYCLE TIMES FOR 
LINE D
Machine C yc le  tim e and v a r ia t i o n
(m il l ir e in u te sF
Shear and C o l l 56 + 5
Welder #1 128  + 5
Welder #2 130  + 10
E le v .  Washers 90  + 4-
McKay R o l l 80 ±  10
R o l l  #1 77 + 8
R o l l  #2 79  + 9
Expander P re ss 70 + 1
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TABLE 8 ,2
FREQUENCY O F  B R E A K D O W N S  
LINE D
Machine
Shear and C o i l  
Welder #1 
Welder #2  
E le v ,  Washers 
McKay R o l l  
R o l l  #1 
R o ll  #2  
Expander P r e ss
Prob. o f  breakdovm ( f o r  1 rim)
0 .000500  
0 .000285  
0 .0 00 285  
0 .0 00 0 22  
0 .00065?
0.000071  
0 .000 342  
0 .0 0 0 1 1 4
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TABLE 8 .5
A V E R A G E  D U R A T I O N  O F  B R EA K D O W N S 
L I N E  D
M a c h i n e  T o t a l  D o v m t l m e ( m l n )  T l x a e / B d o v r a .  a n d  r a n g e  ( l a i n )
Shear and C o il 223 1 0 . 6 1 + 6
Welder #1 130 10 .83 + 5
Welder #2 190 15 .80 •f 5
E le v .  Washers 20 20 .00 + 5
McKay R o l l 677 24 ,00 ±  5
R o l l  #1 32 1 0 . 7 0 ±  3 . 5
R o l l  #2 295 21 .0 0 ±  5
Expander P ress 68 14 .00 + 4
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TABLE 8o4
SIMULATION OF ANOTHER LIME
Bay Cum ulative B a i ly  Cumulative
______  P r o d u c t io n  ' P r o d u c t io n  Average
1 3473 3473 3473
2 7102 3629 3551
3 10498 5396 3499
4 13682 ' 3184 3420
5 16977 3295 3395
6 20928 3951 3488
7 24185 3257 3455
8 26950 2765 3369
9 30766 3816 3418
1© 34283 3517 3428
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T A B L B  ' 8 . $  
P R O D U C T I O N  R E C O R D S
Line Do- A p r i l 22 to May 2 . 1970
A p r il  22 6930 rims
i t 23 - 7724 H
1} 24 - 7730 II
M 2? - 7857 n
Ei 28 - 6560 «i
II 29 - 4915 ti
II 30 - 4418 11
May 1 - 8480 i t
i i 4 - 7632 11
n 5 - 6945 11
n 6 - 9582 ic
t t 7 - 8054 t t
T o ta ls :  12 days 86827 rims
D a i ly  P rod uction (one 8-hour s h i f t  )= 86827 
24
Average D a ily P roduction = 3 6 l 7 r i m s
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8*2.. RIM LINE WITH A' FORM PRESS AND THREE ROLLS.
The data  f o r  t h i s  s im u la t io n  run was o b ta in ed  thanks to  th e  
c o o p e ra t io n  o f  the K elsey-H ayes p la n t  o f  Romulus, M ichigan.
They a llo tted  the  auth or  t o  v i s i t  th e  p la n t  and c o l l e c t  a l l  th e  
in fo rm a tio n  needed f o r  th e  program in p u t .
1 .. .  D e s c r ip t io n  o f  th e  System . -
The l i n e s  in  th e  Romulus p la n t  are  b a s i c a l l y  th e  same as  
t h e  ones in  Windsor, and most o f  th e  s t a t i o n s  a re  i d e n t i c a l  in  
both p l a n t s .  However, th e  form er d i f f e r  in  th a t  th e y  have  
au tom atic  welders as w e l l  as a sequence o f  one form p r e s s  and 
t h r e e  f i n i s h  r o l l s  in s te a d  o f  th e  McKay r o l l  and th e  two f i n i s h  
r o l l s  in  th e  p r e v io u s  system  s t u d ie d  in  p receed in g  c h a p te r s .
The f u n c t io n  o f  th e  form p r e s s  i s  to  g iv e  th e  rim th e  g e n e r a l  
form w ith  th e  b a s ic  c o n to u r , and th e  th r e e  f i n i s h  r o l l s  r e f i n e  
t h i s  shape much in  th e  same way a s  th e  two f i n i s h  r o l l s  in  
th e  Windsor p la n t .  I t  can be s a i d ,  th en , th a t  th e  form p r e s s  
perform s th e  same fu n c t io n  a s  th e  McKay r o l l ,  a lth o u g h  in  a 
rough way s in c e  th e  f i n i s h  o b ta in ed  by the  McKay r o l l  i s  b e t t e r  
than t h a t  o f  th e  form p r e s s ,  thus th e  need fo r  an e x tr a  f i n i s h  
r o l l .
The rem aining s t a t i o n s ,  th e  Shear and C o i l ,  E lev a to r  
Washers, and Expander P r e ss  are  th e  same as th e  p re v io u s  
sy s tem .
2 . -  Input D ata . -
The data  on th e  c y c le  t im e s ,  frequ en cy  o f  breakdowns, and 
d u ra t io n  o f  breakdowns was o b ta in e d  from a th r ee -d a y  D elay  
Study conducted a t  th e  p la n t  a t  th e  end o f  l a s t  y e a r .  This
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s tu d y  in c lu d e d  in fo r m a tio n  r eg a r d in g  th e  nature  o f  each  
breakdown, th e  freq u en cy  o f  ea ch , and th e  t o t a l  p r o d u ct io n  
t im e l o s t  due t o  each breakdown. (See  F igure 2 2 ) .
In fo rm a tio n  on th e  chute  c a p a c i t i e s ,  and some o f  th e  c y c l e  
t im e s  were o b ta in ed  from th e  I n d u s t r ia l  E n g in eer in g  D e p t . ,  
th e  ch u te  r o l l i n g  t im e s  f o r  th e  v a r io u s  s t a t i o n  were e s t i ­
mated from o b s e r v a t io n  o f  th e  l i n e .
The s t a t i s t i c s  com piled  f o r  th e  program are  shown i n  
T a b le s  8 .6  through 8 .9  •
3 . -  S im u la t io n  R e s u i t s . -
The com plete  program i s  shown i n  Appendix H . The o n ly  
r e s u l t s  au o ted  are  th o se  r e l a t i n g  t o  th e  rim p r o d u ct io n  f o r  
th e  te n -d a y  p e r io d ,  in  Table 8 .1 0 .  The average d a i l y  produc­
t i o n  was o f  4912 r im s . In  th e  a c t u a l  sys tem , th e  average  
p r o d u ct io n  f o r  th e  3 -d ay  s tu d y  was 4754 r im s /d a y .  T his  
r e p r e s e n t s  a 3 .3  ^ d i f f e r e n c e  betv/een th e  a c tu a l  system  
and th e  s im u la t io n  r e s u l t s .  The s t a t i s t i c a l  t e s t  betv/een  
th e  two means in d ic a t e s n o  s i g n i f i c a n t  d i f f e r e n c e  a t  any  
l e v e l  o f  re .
D o te :  The program running tim e f o r  t h i s  s im u la t io n  2/un was 
s e t  a t  80 o f  th e  a c tu a l  t im e t o  account f o r  th e  p e r so n a l  
and d e la y  a l lo w a n c e s  (1 5  7 )  p lu s  5 7  f o r  c o r r e c ta b le  d e la y .  
The 5 7  charged t o  p r e v io u s  runs due to  e x tr a  p e r so n a l  
d e la y s  was not in c lu d e d  s in c e  i t  was e s t im a te d  n o n - e x i s t e n t  
i n  th e  Romulus p la n t .
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TABLE 8 .  6
A V E R A G E  C Y C L E  T I M E S  
R O M U L U S  L I N E
Machine C ycle  T is e  and v a r ia t io n
U m  i  m i  m ite s )  ~
Shear and C o i l  57 + 5
Welder #1 1 1 2 + 5
Welder #2  115 + 5
E le v a to r  Washers 90 + ^
Form P r e ss  6 8 + 5
R o l l  #1 7 1 + 5
R o l l  #2  6 9 + 5
R o l l  #3 6 7 + 5
Expander P r e ss  67  + 3
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SABLE 8 .7
D U R A T IO N  O F  B R E A K D O W N S  
RO M U LU S L I N E
M a c h i n e  T o t a l  D o w n t i m e ( m l n )  T l m e / B d o r e n  a n d  r a n g e ( m l n )
Shear and C o il 1 9 .7 2 1 .8 0 -+ o • CO
Welder #1 14 .08 0 .? 4 + 0 .2
Welder #2 14 .80 1 .5 0 + 0 .5
E le v a to r  Washers 0 .8 3 0 .4 1 5 + 0 .2
Form P ress 3 3 .9 9 0 .6 4 + 0 .3
R o l l  #1 6 .2 3 0 .3 9 + 0 . 1 5
R o l l  #2 4 3 .6 8 1 .1 0 + 0 .5
R o l l  #3 3 8 .0 3 1 .2 7 + 0 .5
Expander P ress 4 .0 5 0 .5 6 + 0 .2
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TABLE 8 e8
F R E Q U E N C Y  O F  B R EAK D O W N S 
R O M U LU S L I N E
Machine Frequency Prob, o f  breakdown ( fo r  1 rim)
Shear and C o i l  11
Welder #1 19
Welder #2  10
E lev a to r  Washers 2
Form P re ss  53
R o l l  #1 16
R o l l  #2 39
R o l l  #3 30
Expander P ress  7
0 .0009^0
0 .001600
0.000851
0 .000170
0 .00^500
O . O O l B O O
0 .003300
0 .002600
0 .000600
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TABLE 8„q
DATA ON THE CHUTES
ROMULUS LINE
Chute to Chute C apacity
Welder #1 
Welder #2 
E le v .  Washer #1 
E le v .  Washer #2  
Form P ress  
R o l l  #1 
R o l l  #2  
R o l l  #3 
Expander P ress
7
14
22
7
5
7
6 
6
8
Chute Rolling; Time 
( m i l l i m i n u t e s f ”
35
120
100
35  
35
50
40
40
30
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TABLE 8 s 10 
ROMULUS LIKE
D ay  Cum ulative D a i l y  Cumulative
_ _ _ _ _  P r o d u c t io n  P r o d u c t io n  Average
1 4855 4855 4955
2 9785 4930 4392
3 14661 4876 4887
4 19712 5051 4928
5 24563 4851 4913
6 29522 4959 492 0
7 34395 4873 49 H
8 39296 4901 4912
9 44297 5001 4922
10 49125 4828 4912
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8*3* SIMULATION OP AN ILEAL LINE.
To determ ine th e  maximum p o s s i b l e  output t h a t  cou ld  be 
ob ta in ed  from th e  rim l i n e  i f  th e r e  were no breakdowns, 
th e  b a s ic  program o f  Chapter V was run through the  
computer* t o  stu d y  t h i s  p a r t i c u la r  h y p o t h e t ic a l  s i t u a t i o n .
The c y c le  t im e s ,  chute c a p a c i t i e s ,a n d  r o l l i n g  t im es ,a n d  
program running tim e remained a s  b e fo r e ,  however, a l l  the  
data  con cern in g  th e  breakdowns was d e le t e d  from th e  program.
The r e s u l t s  (See  Appendix J ) show th a t  th e  t o t a l  rim  
p ro d u ctio n  p o s s i b l e  w ith o u t breakdowns i s ,  i n  th e  a v erag e ,  
4498 r im s /d a y ,(S e e  Table 8 .11  ) .  T h is  in d ic a t e s  an in c r e a s e  
o f  1 ,422  rim s over  th e  f i g u r e  o f  Chapter V , or  about  
46 fot which i s  an i n d ic a t io n  o f  th e  c o n s id e r a b le  amount 
o f  p rod u ction  tim e l o s t  w ith  th e  low  e f f i c i e n c y  o f  th e  
p r e se n t  system . Of c o u r se ,  i t  would be p r a c t i c a l l y  impos­
s i b l e  to  have a l i n e  working w ith o u t breakdowns, but i t  
i s  a g o a l  f o r  which to  s t r i v e .
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TABLE 8 . 1 1
AN ILEAL LIKE
Day Cumulative D a i ly  Cumulative
  P ro d u c t io n  P r o d u c t io n  Average
1 4491 4491 4491
2 8989 4498 4494
3 13485 4496 4495
4 17991 4506 4498
5 22491 4500 4498
6 26991 4500 4498
7 31489 4498 4498
8 35987 4498 4498
9 40487 4500 4498
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CHAPTER IX
CONCLUSIONS ME SUGGESTIONS FOR FURTHER STUDY
9.1  CONCLUSIONS.
W hile g a th e r in g  the  d a ta  f o r  th e  s tu d y  i t  was found t h a t ,  
a lth o u g h  th e  company has s e t  th e  p e r so n a l  d e la y  a llow an ce  
i n  th e  rim  l i n e s  a t  8  ^ o f  th e  p r o d u c t io n  t im e ,  t h i s  f i g u r e  
i n  f a c t  i s  as h ig h  as 13 In  a d d i t io n ,  th e r e  i s  a fu r t h e r  
d e la y  o f  5 caused  hy th e  c o r r e c t a b le  and n o n ~ c y c l ic  d e la y s  
n o t  accou nted  f o r  i n  th e  tim e s ta n d a r d s .
The model f o r  th e  p r o d u ct io n  l i n e ,  deve lop ed  i n  Chapter  
IY and th e  computer program f o r  t h i s  model r e p r e s e n t  th e  
a c t u a l  system  w it h  r e a so n a b le  a c c u r a c y .  The r e s u l t s  o f  th e  
s im u la t io n  run show t h a t ,  f o r  a 10~day p e r io d  o f  80 produc­
t i o n  h o u rs , th e  t o t a l  downtime amounted to  2 1 .3 5  h ou rs ,  
t h a t  i s ,  over  25 o f  th e  t o t a l  p r o d u ct io n  t im e .  The s t a t i s ­
t i c s  on th e  u t i l i z a t i o n  o f  m achines and on th e  u t i l i z a t i o n  
o f  c h u te s  show th§ McKay R o l l  to  be th e  b o t t le n e c k  s t a t i o n .  
As a r e s u l t  o f  th e  numerous breakdowns, th e  u t i l i z a t i o n  o f  
m achines i s  q u i t e  low , r a n g in g  from 0 .3 6 5  f o r  th e  E le v a to r  
Washer #  2 to  0 .6 8 4  fo r  th e  McKay R o l l .  The d a i l y  average  
p r o d u c t io n  f o r  th e  l i n e  i s  3*076 r im s , a lm ost 35 below  
t h e  f i g u r e  o f  4 ,5 71  rim s e s t im a te d  by th e  Standards D ept.
The s tu d y  on th e  m echan ica l d e s ig n  changes show t h a t ,  
i n  term s o f  p r o f i t a b i l i t y ,  th e y  can  be ranked as f o l lo w s :
(1 )  M agnetic Loader f o r  th e  McKay R o l l ,
(2 )  Combined Changes,
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(3 )  E lim in a tio n  o f  th e  G ravity  Eeed i n  the  McKay R o l l ,
(4 ) S im p l i f i c a t io n  o f  th e  H ydraulic  System i n  th e  
McKay R o l l ,  and
(5 )  New Dip Tank.
The f i r s t  two would he- p r o f i t a b l e  to  th e  company i f  
im plem ented } th e  l a s t  th r e e ,  however, i n d ic a t e  a l o s s  i n  th e  
lo n g  run.
The machine rep lacem ent stu d y  show s. th e  . autom atic w elder  
to  be a d e s ir a b le  in vestm en t w h ile  th e  new McKay R o l l  i s  n o t .
The s im u la t io n  o f  an i d e a l  l i n e ,  i . e .  one w ith  no break­
downs, shows a 46  fo in c r e a s e  i n  p ro d u ctio n  from 3 ,0 7 6  rims  
per day from .th e  a c tu a l  system  t o  4 ,4 9 8  rim s per day. This  
g i v e s  an i n d ic a t io n  o f  th e  la r g e  amount o f  prod u ction  tim e  
l o s t  i n  th e  rim l i n e s  due t o  breakdowns.
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9 .2  SUGGESTIONS EQR EURTHER STUDY.
With th e  b a s ic  model now d ev e lop ed  and t e s t e d ,  i t  would  
be i n t e r e s t i n g  tp  .attem pt th e  s im u la t io n  o f  th e  e n t i r e  
p la n t  to  a n a lyze  th e  f u n c t io n in g  and o p e r a t io n  o f  th e  same.
A lso  d e s ir a b le  would be to  s im u la te  s i n g l e  b o t t le n e c k  
s t a t i o n s ,  l i k e  the  McKay R o l l ,  i n c lu d in g  d a ta  on th e  v a r io u s  
ty p e s  o f  breakdowns s e p a r a t e ly ,  to  f in d  ways t o  improve t h e i r  
o p e r a t io n  e i t h e r  by r e d u c in g ,  or by e l i m in a t i n g ,  th e  major 
c a u s e s  o f  breakdowns.
In  a d d i t io n  to  th e  su g g e s te d  f e a s i b l e  s im u la t io n  p r o j e c t s ,  
a stu d y  on i n d i r e c t  la b o r  and i t s  e f f e c t  on p ro d u ctio n  
would be o f  b e n e f i t  to  th e  company.
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APPENDIX I
SIGNIFICANCE TEST FOR TEE SIMULATION OF THE PRESENT
SYSTEM.
1 o-  D i s t r ib u t io n  o f  P ro d u c t io n  F ig u r e s . -
o
<D
PiO'Q)U&
6
4
2
1000 2000 3000 4000
D a i ly  P r o d u c t io n  (r im s)
2 . -  S ig n i f i c a n c e  T e s t . - ^
T e s t in g  th e  h y p o th e s i s  t h a t  t h e  means o f  two normal 
d i s t r i b u t i o n s  are  e q u a l ,  assum ing t h a t  th e  standard  d e v ia ­
t i o n s  are  unknown and n o t  n e c e s s a r i l y  e q u a l .  Use th e  t e s t  
s t a t i s t i c  t ’ , g iv e n  by:
t* =
4 + 4
i  “x
and th e  a s s o c i a t e d  d eg rees  o f  f f e e d o m ,V , g iv e n  by:
8 Bowker, A. H ., and Lieberman G. J .  Engin e e r in g  
S t a t i s t i c s .  P r e n t ic e  H a l l ,  Englewood C l i f f s ,  N .J .  1960.
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v  »  ( b | / %  + 4 / r i y  > _  2
( s j / P x ) 2 + ( s | / n v ) 2  
( n x  + 1 )  ( n y  + 1 )
3 . -  t '  T e s t  f o r  th e  S im u la t io n  o f  P r e s e n t  System , -  
For th e  p r e se n t  system :
Z  x ± = 1 05 ,6 9 4  
( Z x i ) 2 = 1 1 ,1 7 1 ,2 2 1 ,6 3 6  
Z a ^ 2 = 7 2 4 ,9 3 2 ,8 3 6
•  2Lx±2 “ ( Z * i  )2£ -} L
s 2 =    - --------- £ —
n  -  1
s 2 = 6 ,1 3 5 ,8 4 8
For th e  S im u la t io n  o f  th e  p r e s e n t  system :
2 > ± = 3 0 ,7 6 4
(Z T x i)2 = 9 .4 6  x  108 
E x ±2 = 9 .7 4  x  107
2 5
s  =  3 . 0  x  1 0 3
T h erefore:
t* = 2936 -  3076________
.  / i T i i x i P ' ^ l T o x i o y
\ |  17 10
t 1 = 0 .2 2
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V =
V  =  
t .4 ,2 0  =
S in c e  t ’ <( t  * >v 
a re  equal i s  a c c e p te d .
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( 6 .1 3 x 1 06 + 3.0x10"* \ 2 
v 17 10 ' - 2
/ 6 . 1 3 x 1 0 6 \ 2  , > 5 . 0 x 1 0 ^
\ ----- — ) + V*6—
20
0*257
, th e  h y p o th e s is  th a t  th e  two means
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APPENDIX I I
OTHER SIGNIFICANCE TESTS.
1 e~ S i m p l i f i c a t i o n  o f  H ydrau lic  System i n  McKay R o l l . -
T  x ± = 3 0 ,8 4 8
( I x i ) 2 = 9 .4 3  x  108
> x ±2 = 9*79 x  107
2 5= 3 .5  x  10
t» = 0*04
V = 20
* .4 ,2 0 =  ° * 257
< , t*  <  t W;V
v\  V/e f a i l  t o  r e j e c t  th e  h y p o th e s i s  th a t  yW-x = y
2 . -  E l im in a t io n  o f  G ra v ity  Feed i n  th e  McKay R o l l . -
I x .  = 3 0 ,9 2 4  
( Z x i ) 2= 9 .5 6  X 108
2 x . 2 = 9o88 x 107 i
s 2 = 3 .5 4  x 105 
t '  = 0 .0 6  
= 2 0
* .4 ,2 0 =  ° * 2 57
t 1 \  t A;v and we f a i l  t o  r e j e c t  th e  h y p o t h e s i s .
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3 o -  New Dip Tank . -
£  X = 2 9 ,5 0 5
( Z x . ) 2 Oc-CO mJk o C
O
z > i 2 = 8 .7 6  x
7
10V
2s = 6 .4 2  x 105
t ‘ = 0 .5 8
V = 19
* . 2 . 1 9
= 0.861
^ t ^ , 1 9
/ ,  We f a i l  t o  r e j e c t  th e  h y p o t h e s i s  a t  th e  o c =  0 .2 0  l e v e l .
4 . -  M agnetic Loader f o r  th e  McKay R o l l . -
A. = 3 0 ,9 8 5
r X l ) 2 = 9 .6 0  x 10s
z - x ±z = 9 .7 2  x 107
s 2 = 1 .3 8  x 105
t ' = 0 .1 0
V jjj 17
t . 4 , 17
= 0 .2 5 7
t 1 /■N, t .4 ,1 7
V/e f a i l  t o  r e j e c t  th e  h y p o t h e s i s -
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5 c -  S im u la t io n  o f  Combined Changes. -
£ x ± = 3 2 ,9 4 0
< 2 X i ) 2 = 1 .0 8  x 109
. =  1 * 1 0  x  10
s 2 = 2 .11  x  105
t 1 = 0 . 9 6
V = 19
* .2 ,1 9  = 0 ,861
We r e j e c t  the  h y p o th e s i s  a t  th e  <X = 0
6 . -  S im u la t io n  o f  Another L in e . -  
For th e  p r e se n t  System:
£  x^  = 86827 
( r X;L) = 7.54x109
£ x i 2 = 6.51 x 108
s 2 = 2 .3  x 107
For th e  s im u la t io n :
2 xi = 34283 
( / ' x ± ) 2 = 1.186 x 109 
£x±2 = 1.175 x 108 
s 2 = 1 .13  x 105
t 1 = 0 .1 3 6  v  = 11
.^4,11 = 0.260 
S in ce  t 1 <^t  ^ we f a i l  to  r e j e c t  the
.2 0  l e v e l .
h y p o t h e s i s .
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7 . -  S im u la t io n  o f  Romulus L in e . -  
For th e  p r e se n t  system :
£ x ± = 14262
( / > ± ) 2 = 2 . 0 3  x 108
T  x . 2 = 6 .7 8  x 107l
s 2 = 3436
For th e  s im u la tio n s '
2  x ± = 4 9 ,125  
( T x . ) 2 = 2 .4 1 3 2 6  x  109 
^ x . 2 = 2 .4 1 3 7 3  x 108 
s 2 = 5220
t*  = 0 .0 61
v = 6
t i 4 ) 6  = 0 .2 6 5
* ’ ■ <  * . * , 6
We f a i l  t o  r e j e c t  th e  h y p o th e s is ,
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APPENDIX I I I
SAMPLE* CALCULATION OP TOTAL CASH PLOW 
POE IIYESTMEHTS.
. I n s t a l l a t i o n  o f  th e  combined ch an ges  i n  th e  rim l i n e . -
DQ= I n i t i a l  In vestm en t = $ 2 7 ,8 0 0 .0 0  
L if e - e x p e c t a n c y  o f  equipm ent = 1 0  y e a r s .
I n c r e a s e  i n  p r o d u ct io n  i n  one day = 436 r im s .
I n c r e a s e  i n  p r o d u ct io n  i n  one y ea r  = 436 r im s /d a y  x 50 w ks/y  
x  5 d a y s /v k  = 1 0 9 , 0 0 0  r im s .
E stim ated  p r o f i t  from one r im  = 1 0  c e n t s .
E xpected  p r o f i t  i n  one year  = 1 0 9 ,0 0 0  r im s x  $ 0 .1 0 /r im
= $ 1 0 ,9 0 0 .0 0  = E 
fo i n t e r e s t  on in v e s tm e n t  = 7 f°, compotmded a n u a l ly .
T o ta l  c a sh  f lo w :
CP = -D 0 (CAF i io 1 0 )%  E-j (CAP i f  9) + E2 (CAP if* 8)
+ E3 (CAF i f  7) + E4 (CAP i f  6) + E5 (CAP i f  5)
+ E6 (CAP i  f  4 )  + E7 (CAF ifo 3 )  + Eg (CAP i f  2)
+ Eg (CAP i f  1) + E10
CP = -2 7 8 0 0  ( 1 .9 6 7 2 )  + 10900 (1 .3 3 8 5 )  + 10900 (1 .7 1 8 2 )
+ 10900(1 .6 0 5 8 )  + 10900 (1 .5 0 0 7 )  -f- 10900 (1 .4 0 2 6 )
+ 1 0 9 0 0 (1 .3 1 0 8 )  + 1 0 9 0 0  ( 1 .2 2 5 0 )  + 10900  (1 .1 4 4 9 )
* CAP = (1 + i ) n w h er e : i=  i n t e r e s t  r a t e  per  p e r io d (y e a r )
n= number o f  p e r io d s  (y e a r s )
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+ 10900 (1 .0 7 0 0 )  + 10900
CP = -  27800 ( 1 .9 6 7 2 )  + 10900 (1 3 .8 1 6 5 )
OP = -  5 4 ,6 8 8 .1 6  + 1 5 0 ,5 9 9 .8 5
CP = + $ 9 5 ,9 1 1 .6 9
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V I T A  A U C T O R I S
19*1-6 Born in  T r u j i l l o ,  P eru , on November 10.
1953 Entered C o le g io  San Andres o f  Lima, Peru.
1962 Graduated from C o le g io  San Andres a f t e r
com p let in g  e lem en tary  and secondary  e d u c a t io n ,  
in  December.
1963  R ece ived  a s c h o la r s h ip  from th e  American
F ie ld  S e r v ic e  to  s tu d y  f o r  one y ea r  in  th e  
U n ited  S t a t e s .
. 196*4- Graduated from G reece Olympia High Schoo l o f  
R o c h e s te r ,  New York, in  June.
E n ro lled  in  P r e l im in a r y  Year a t  th e  U n iv e r s i t y  
o f  Windsor, i n  Septem ber.
1969  Graduated from th e  U n iv e r s i t y  o f  Windsor
w ith  th e  d eg ree  o f  B a ch e lo r  o f  Applied  S c ie n c e  
in  M echanical E n g in ee r in g  ( I n d u s t r ia l  O p tio n ) ,  
in  May.
Accepted t o  th e  Graduate S ch oo l o f  th e  U n iver­
s i t y  o f  Windsor a s  a ca n d id a te  fo r  the  degree  
o f  Master o f  A p p lied  S c ie n c e  in  I n d u s t r ia l  
E n g in ee r in g .
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